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Fiber-Optic Transmission for Enhanced Network 
Services 


Recent Trends in Fiber-Optic Transmission 
Technologies for Information and Communication 
Network 


43070117A Tokyo HITACHI REVIEW in English 
Apr 94 pp 41-46 


[Article by Naoki Chinone, D. Eng., Central Research 
Laboratory, Hitachi, Ltd., and Minoru Maeda, D. Eng., 
Fiberoptics Division, Hitachi, Ltd.] 


[FBIS Transcribed Text] 
Abstract 


Fiber-optic-transmission technologies have been developing 
considerably to satisfy demand for large-capacity digital 
transmission in public telecommunication networks. Gigabit- 
per-second (Gbit/s) transmission systems have already been 
put into practical use for trunk line networks, and next- 
generation 10-Gbit/s systems are being intensively developed. 
On the other hand, various information services including 
voice, data and moving images are becoming indispensable 
to human activities in step with the recent development of the 
information society. Therefore, the broadband Integrated 
Services Digital Network (ISDN) and the high-speed multi- 
media Local Area Network (LAN) are being intensively 
developed. Fiber-optic transmission technologies are 
expected to be deployed in various fields, from present trunk 
lines to subscriber loops and also in local-area high-speed 
information networks. Hitachi is actively contributing to the 
evolution of the information society by promoting develop- 
ment of optical transmission technologies and products. 





Introduction 


Fiber-optic transmission technologies utilizing optical 
fiber transmission lines support high-speed/ 
large-capacity and long-distance transmission and have 
been developing considerably to satisfy demands in 
large-capacity digital transmission in public telecommu- 
nication networks. At first, optical transmission tech- 
nology with speeds of several tens of Mbit/s using 
multimode optical fibers as transmission lines was devel- 
oped in the 1970s. In the 1980s, high-speed transmission 
technologies having transmission speeds from several 
100 Mbit/s to Gbit/s were developed based on the 
development of single-mode optical fiber technology. 


The above technologies have been utilized to realize 
large-capac.‘y digital transmission mainly in trunk lines of 
public telecommunication networks. Recently, however, 
various information services including voice, data and 
moving images have become indispensable to human 
activities. Therefore, the broadband ISDN in public trans- 
mission networks and the high-speed multimedia LAN in 
in-house information networks are being intensively 
developed. Fiber-optic transmission technologies, as key 
technologies to realize a highly-developed information 
society, are expected to be deployed in various fields, from 
present trunk lines to subscriber loops in public telecom- 
munication networks and also in local-area high-speed 
information networks, as shown in Fig. 1. 


Here, we describe new technological trer s in optical 
transmission toward high-speed/large-capacity transmission 
and the impact on telecommunication and information 
networks. 
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Figure 1. Fiber-Optic Transmission Technologies in Information and Telecommunication Networks. Fiber-optic 
transmission technologies developed mainly for trunk line transmission networks are being, deployed in various 
high-speed/large-capacity networks from trunk lines to subscriber loops in public telecommunication networks and 
also in in-house information networks. 
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Technological Trends 


Optical transmission technologies first commercialized 
in the early 1980s have been deveioping considerably. 
The transmission speed has increased an order of mag- 
nitude in the past 10 years, as shown in Fig. 2. 100- 
Mbit/s optical transmission systems in the early 1980s 
were put into practical use using multimode optical 
fibers and 0.8-um wavelength lasers. It was, however, 
clarified that long-distance transmission of high-speed 
optical signals is difficult through multimode fibers due 
to mode dispersion and that loss of optical fibers is lower 
in the wavelength range above | um. High-speed trans- 
mission systems were, therefore, developed using single- 
mode optical fibers and |.3-m wavelength lasers. In the 
mid-1980s, the fiber loss was further lowered in the 
1.55-um wavelength range and distributed feedback 
(DFB) lasers, which have superior single mode charac- 
teristics, were developed. Then, in the late 1980s, 1- 
'-Gbit/s high-speed transmission systems utilizing these 
technologies were put into practical use. In parallel with 
the development of high-speed technologies, interna- 
tional standards for transmission systems were actively 
being discussed and the synchronous digital hierarchy 
(SDH) was standardized by ITU-T (Footnote 1: ITU-T 
(International Telecommunications Union- 
Telecommunications Standardization Sector), formerly 
CCITT (international Telegraph and Telephone Consul- 
tative Committee)) in 1988. Based on this SDH, 2.4- 
Gbit/s optical transmission systems were put into 
practical use in 1990 and are now the highest-speed 
commercialized optical transmission systems. 
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Figure 2. Trend of Fiber-Optic Transmission Systems in 
Trunk Line Transmission Networks. Transmission 
speed has been increased an order of magnitude in the 
past 10 years based on the progress of fiber-optic 
technologies. 
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In the future, 10-Gbit/s systems in the mid-1990s and 
40-Gbit/s systems in the year 2000 are expected to be put 
into practical use, based on the prediction shown in 
Fig. 2. The development of new transmission technolo- 
gies for these systems has progressed. The basic config- 
uration of optical transmission (a), a conventional 
method of optical signal generation and detection (b), 
and a new method being developed for high-speed trans- 
mission (c) are shown in Fig. 3. In the conventional 
method, optical signals are generated by direct modula- 
tion of a laser and detected and converted to electronic 
signals by a detector, such as an avalanche photodiode 
(APD). However, since signal distortion, due to fiber 
dispersion and re uction of receiver sensitivity, must be 
overcome to realize higher transmission speeds, new 
methods were developed: 1) an external modulation 
method where the optical output from a laser is modu- 
lated by an optical modulator and 2) an optically- 
amplified signal detection method where the optical 
signal amplified by an optical amplifier is detected by a 
detector. Further, dispersion-shifted fibers were devel- 
oped, which have zero dispersion in the wavelength 
range of 1.55 um. 


Among the new technologies, progress in optical ampli- 
fier technology has been remarkable. The optical ampli- 
fier can be used not only for improving receiver 
sensitivity, but also for enlarging transmitter optical 
output, and it can be used as an optical repeater. There- 
fore, this device is expected to reduce restrictions in 
transmission system design. The optical fiber amplifier 
uses the principle that optical signals of 1.55-m wave- 
length are amplified through an erbium-doped fiber 
excited by a laser light of 0.98-um or 1.48-:m wave- 
length. An example of optical fiber amplifiers is shown in 
Fig. 4. In this case the erbium-doped fiber is excited from 
both ends for use as an optical repeater. Front end 
excitation is usually used for receivers and back excita- 
tion for transmitters. Very recently, optical fiber ampli- 
fiers are becoming commercialized for long-distance 
transmission. 


Using the technologies mentioned above, 10 Gbit/s optical 
transmission over more than 300 km was experimentally 
confirmed utilizing optical amplifier repeaters and is now 
being intensively developed for practical use. To realize 
larger capacity transmission, technologies for optically 
multiplexed signal transmission is important, as well as 
higher-speed signal transmission technologies. There is a 
possibility that 10-20-Gbit/s transmission will be realized 
based upon the new technologies mentioned above. It is, 
however, predicted that the limitation of higher-speed 
transmission would be several tens of Gbit/s, limited by 
the performance of optical and electronic devices and also 
by fiber dispersion. It is, therefore, necessary 10 combine 
high-speed technologies and optical multiplexing technol- 
ogies to realize capacities of several tens of Gbit/s to 
Tbit/s. The optical-frequency multiplexed transmission 
method has attracted much attention for large-capacity 
transmission, by which multiple optical signals having 
different wavelengths are independently modulated and 
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Figure 3. Basic Configuration and Progress of Fiber-Optic Transmission. Technologies of external modulation and 
optical amplification have been developed, which enable 10-Gbit/s transmission speeds. 
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Figure 4. Configuration of an Optical Fiber Amplifier. A 1.55-1m wavelength optical signal is amplified by exciting 
an erbium-doped fiber by 0.98- or 1.48-1m wavelength laser light. 
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optically multiplexed into a single optical fiber. 
Approaches toward realization of Tbit/s transmission 
speeds are shown in Fig. 5. 100-Gbit/s transmission can be 
realized, for instance, by multiplexing 10 channels of 
10-Gbit/s optical signals and further 1-Tbit/s transmission 
by multiplexing 100 channels. 
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Figure 5. Approaches to Tbit/s Fiber-Optic Transmission 
Speeds. Aiming at Tbit/s transmission speeds, optical 
multiplexing technologies are being developed, as well as 
other high-speed technologies. 





Research and Development of Optical Transmission 
Technologies 


As mentioned above, high-speed/large-capacity trans- 
mission technologies are being intensively studied. 
Hitachi is also actively involved in research and devel- 
vpment of wide-range fiber-optic transmission technol- 
ogies. Here, two topics are introduced among the new 
technologies being developed at H‘tachi. 


Optical Modulators 


For high-speed transmission, external optical modula- 
tors have been intensively studied as mentioned in the 
previous section. In the conventional direct modulation 
method where the semiconductor laser is directly mod- 
ulated by electronic signals, wavelength chirping in 
transmission signals is substantially large. This causes 
distortion of the optical pulse shape, due to the fact that 
the propagation speed of the optical pulses is different at 
different wavelengths because of refractive-index disper- 
sion in the optical fiber. This distortion becomes more 
significant as transmission speed and transmission dis- 
tance increase. On the other hand, by using an external 
modulator, wavelength chirping can be drastically 
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reduced. The optical modulator has long been studied 
using LiNbO, materials. Recently, however, InP semi- 
conductor material has attracted much attention, 
because it enables integration with other semiconductor 
devices and has the potential for high reliability. 


Two types of semiconductor optical modulators are being 
studied at Hitachi. One is a Mach-Zehnder type modu- 
lator. In this device, the electro-refractive effect, where the 
refractive index of the semiconductor material changes 
with the applied voltage, is used to modulate input laser 
light. This device, therefore, enables essentially zero wave- 
length chirping, which is necessary to very long distance 
transmission. An InGaAs/InAlAs Multiple Quantum Well 
(MQW) structure is introduced for waveguides to reduce 
the driving voltage below 4.0V. Insertion loss of thy 
modulator is about 10 dB, which can be compensated for 
by an optical amplifier. A small-signal frequency band- 
width above 12 GHz was achieved and 10-Gbit/s trans- 
mission was successfully demonstrated. 


The other is an electroabsorption (EA) type modulator. In 
this device, the EA effect, where the absorption of input 
light is changed by the applied voltage, is used. When the 
absorption is changed, the refractive index is inevitably 
changed. This device, therefore, causes a small amount of 
wavelength chirping. Advantages of this device, however, 
are a small driving voltage (below 2.0V) and the ability to 
be integrated into semiconductor lasers. So far, two-step 
epitaxy of the semiconductor material has been employed 
to fabricate integrated devices, since the modulator and 
laser each have a different structure. This process, how- 
ever, causes degradation of device characteristics, due to 
the difficulty in connecting devices grown with the dif- 
ferent step epitaxy. A new technology for fabricating the 
integrated device by one-step epitaxy was developed at 
Hitachi. By employing this technology, stable device char- 
acteristics and low insertion loss below 2 dB were realized. 
10-Gbit/s modulation at a pulse voltage of 1.5V was 
confirmed. 


Cohcrent Frequency Division Multiplexed (FDM) 
Transmission Systems 


Optically multiplexed transmission technologies look 
promising for large-capacity transmission systems, as 
mentioned in the previous section. There are several 
schemes to realize optical multiplexing. One is multi- 
plexing intensity-modulated different-wavelength 
optical signals, which is usually called wavelength divi- 
sion multiplexing (WDM). One of the other schemes is 
multiplexing opticai-frequency-modulated different- 
wavelength signals, which are detected utilizing coherent 
technology at the receiver. In this scheme, wavelength 
spacing between signals can be minimized to below 0.1 
nm corresponding to a frequency of 10 GHz, because the 
receiver has high wavelength selectivity. This scheme is, 
therefore, usually called frequency division multiplexing 
(FDM). The configuration of a prototype FDM trans- 
mission system developed at Hitachi is shown in Fig. 6. 
In this system, multiple frequency-modulated signals are 
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Figure 6. Configuration of a Prototype Coherent FDM Transmission System. Multiple different-wavelength optical 
signals corresponding to a 40-Gbit/s speed are multiplexed and transmitted through a 121-km length optical fiber 
and detected by a heterodyne receiver. 





coupled into a single-mode fiber by an optical coupler 
and are transmitted through the optical fiber. One of the 
transmitted signals is detected by a heterodyne receiver, 
where the signal is mixed with laser light from a local 
oscillator laser whose wavelength is tuned to that of the 
transmitted signal. By this heterodyne method, the 
receiver itself has superior wavelength selectivity. In the 
system shown in Fig. 6, the transmitter has 32 channel 
lasers and each laser is frequency modulated at 1.244 
Gbit/s. Total transmission capacity is, therefore, 40 
Gbit/s. Wavelength (optical-frequency) spacing is 0.08 
nm (10 GHz) in the wavelength range of 1.55 um. 40 
Gbit/s transmission at a distance of 121 km was con- 
firmed. This prototype system demonstrates the possi- 
bility of large-capacity transmission using coherent 
technology. 


Impact on Telecommunication Networks 


Broadband ISDN is being extensively studied for public 
telecommunication networks; it integrates various infor- 
mation services such as voice, computer data and 
moving images towards realization of an information 
society in the 21st century. A prediction is that total 
information volume transmitted through telecommuni- 
cation networks will be 20 times in 2005 and 130 times 
in 2015 compared with the present volume. It means 


that large-capacity transmission, for instance, Tbit/s on 
trunk lines, Gbit/s on business subscriber loops and 100 
Mbit/s on general subscriber loops will be necessary. In 
the U.S., a national project has started on development 
of nationwide large-capacity telecommunication net- 
works with Gbit/s range interfaces. 


To realize these high-speed telecommunication net- 
works, fiber-optic transmission technologies, such as 
optical amplifiers and optical multiplexers, play impor- 
tant roles. Examples of system architectures for trunk 
lines and subscriber loops are shown in Fig. 7. In trunk 
lines, larger capacity longer-distance transmission is 
important, and key technologies are optical frequency 
multiplexing and optical repeaters, as shown in Fig. 7 (a). 
In subscriber loops, multi-channel moving images are a 
major service and the key technology is distribution of 
information. An example shown in Fig. 7 (b) uses mul- 
tiple optical signals having different optical frequencies 
allotted to different picture information. Those signals 
multiplexed and transmitted through an optical fiber are 
distributed by optical amplifiers and optical branches to 
a large number of suoscrivers. Although those iechnolo- 
gies should be further studied, they are expected to be 
key technologies for realizing future high-speed telecom- 
munication networks. 
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Figure 7. Progress of Trunk Lines and Subscriber Loops Through Optical Amplification and Optical Multiplexing 
Technologies. Large-capacity long-distance transmissions in trunk lines and multi-channel distribution systems in 
subscriber loops can be realized by utilizing optical amplification and multiplexing technologies. 





Impact on Information Networks 


For in-house information networks such as LANs in offices 
and factories, transmission speeds have increased aimost an 
Order of magnitude from 10-Mbit/s Ethernet (Footnote: 
Ethernet is a registered trademark of XEROX Corporation.) 
to 100-Mbit/s fiber distributed data interface (FDDI), as 
shown in Fig. 8. Further FDDI follow-on LAN (FFOL), high 
performance parallel interface (HIPPI) for high-speed com- 
puters and also Gbit/s LANs, including those technologies, 
are being intensively studied, especially in the U.S., towards 
commercialization in the late 1990s. 
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Figure 8. Trend in High-Speed LAN Technologies. Trans- 

mission speed has increased an order of magnitude in the 

Past 10 years in in-house information networks. Gigabit/ 

per second LANs are expected to be put into practical use 
in the late 1990s. 











The Gbit/s LAN shown in Fig. 9 connects computer main- 
frames, storage systems and workstations at speeds above | 
Gbit/s and is also connected to high-speed public telecommu- 
nication networks to build up a wide area network (WAN). 
This network enables multimedia informatior processing, 
including moving images information and also high-volume 
diverse data processing. The fundamental fiber-optic trans- 
mission technologies for those networks have been already 
developed for public telecommunication networks. They 
should, however, be optimized for implementation in LAN 
environmerts and made more economical. 
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Figure 9. Gigabit-Per-Second Fiber-Optic LAN. Gigabit- 
per-second LANs will be utilized for multimedia (including 
moving images), information processing and large-volume 
diverse data processing. 
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Conclusion 


Fiber-optic transmission technologies and their impact on tele- 
communication and information networks were described. 


Optical transmission technologies have developed remark- 
ably in the past 10 years to satisfy demand in large capacity 
digital transmission in public transmission networks. Giga- 
bit-per-second range systems have already been put into 
practical use in trunk lines, and next generation 10-Gbit/s 
systems anu iundamental technologies towara future Tbit/s 
systems have substantially progressed. Fiber-optic transmis- 
sion technologies are expected to be deployed in various 
high-speed networks, not only in trunk lines, but also in 
subscriber loops in public telecommunication networks and 
also in in-house information networks. 


Hitachi is actively involved in research and development 
of wide-range fiber-optic transmission technologies, sci: 
as optical and electronic semiconductor devices, optical 
transmitters and receivers, and also full-range transmis- 
sion systems. Hitachi is contributing to the development of 
an information society by implementing these technologies 
in practical applications. 
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[FBIS Transcribed Text] 
Abstract 


Broadband Integrated Services Digital Network (B- 
ISDN), based on asynchronous transfer mode (ATM) 
technology, is being actively studied worldwide. ATM 
networks can handle various types of services, such as 
high-speed data and video signals. Non-hierarchical mul- 
tiplexing is another advantage of deploying ATM tech- 
nology into the network. This paper presents newly 
developed ATM transport equipment and the related 
technologies for the ATM network. First, the key hard- 
ware technologies, such as sophisticated VLSI and optical 
transmission modules, are described. Next, a large 
capacity ATM switch architecture and an operation 
administration and maintenance (OA&M) junction are 
presented. Finally, newly developed prototype ATM trans- 
port equipment using these technologies is presented. 


Introduction 


Recently, high-speed communication services have 
become necessary for LAN interconnections and multi- 
media communication. Furthermore, video communica- 
tion may become a major part of the traffic load in the 
future. 


B-ISDN is a next-generation communication network 
that meets these high speed and multi-service require- 
ments. B-ISDN, as illustrated in Fig. 1, can handle 
various types of communication applications, using 
asynchronous transfer mode (ATM) techniques. In the 
ATM network, information is transferred in 53-byte 
cells; hence various types of services are handled in the 
same manner, irrespective of their information bit rates 
and their characteristics. ATM transport equipment can 
multiplex and connect the services simply by handling 
the cells because of the uniform cell length. Therefore, 
the networks are flexible for providing new types of 
services, and economical because of the simple node 
function. The ATM network consists of digital paths 
called virtual paths (VPs) and digital channels called 
virtual channels (VCs). Fig. 2 shows this layer structure 
and transport equipment function. ATM transport 
equipment provides virtual path connection to leased 
line users and ATM switching systems.' 
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Figure 1. B-ISDN Architecture 
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Figure 2. ATM Layer Structure and Transport Equipment Functions 





This paper describes Hitachi’s activ‘ty in developing ATM __ described. Next, a large capacity ATM switch architecture 
transport equipment and the related technologies for the and an operation administration and maintenance (OA&M) 
ATM network. First, the key hardware technologies, such as _— function are presented. Lastly, a newly developed prototype 
sophisticated VLSI and optical transmission modules are ATM access multiplexer (shown in Fig. |) is presented. 
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ATM Equipment Function and Technologies 
Transmission Line Interface 


In the ATM network, ATM cells are transferred by STM-1 
(150 Mbit/s), STM-4 (600 Mbit/s), or STM-16 (2.4 Gbit/s) 


SDH frames, as standardized by ITU (International Tele- 
communications Union).? Specifications of the line inter- 
faces are shown in Table |. Opticai transmission modules 
and VLSIs for transmission convergence sub-layer termi- 
nation (standardized processing for SDH frames and ATM 
cells) were developed to realize compact interface cards. 





Table 1. Specifications of Line Interfaces 





Interface STM-1 STM-1 (Inter-office) 








(Intra- T 
office) =40 km =80 km 


STM-4 
(Intra- 
office) 


STM-4 (Inter-office) 
<40 km | <80 km 


STM-16 (Inter-office) 
=40 km =80 km 











Bit rate 155.52 Mbit/s 


622.08 Mbit/s 2488.32 Mbit/s 





SDH frame 
structure 


STM-1/AU-4 (ITU-G, 709, 1.432) 





STM-16/AU-4-16c 
(ITU-G, 709) 


STM-4/AU-4-4c (ITU-G, 709, 1.432) 








ATM cell 
structure 


53 byte/cell (ITU-I, 361) 





Wavelength 1.31 ym 1.55 ym 


1.31 pm 1.31 pm 1.31 pm 





SMF DSF 














Type of fiber 





SMF SMF SMF 

















SMF: Single mode fiber 





DSF: Dispersion shifted fiber 





ITU: International Telecommunications Union 





STM: Synchronous transport module 





The STM-1! and STM-4 optical transmission modules were 
fabricated by advanced custom ICs using 2-4m and I-ym 
Si-bipolar processes, respectively. ICs for the STM-16 
interface module were developed using a 0.8-um GaAs- 
MESFET process. Module volumes of STM-1 (intra- 
office), STM-4 (intra-office), and STM-16 (inter-office) are 
10 cc, 42 cc, and 355 cc, respectively.? 


VLSIs for transmission convergence sub-layer termina- 
tion are fabricated using, mainly, a 0.8-um CMOS VLSI 
with 100 kilogates per chip. These VLSIs allow a com- 
pact physical integration of complex functions, including 
ATM cell processing. For instance, STM-4 line interface 
functions (shown in Fig. 3) are offered on a single card. 


Architecture of a Large Capacity ATM Switch 


In B-ISDN, service information bit rates reach hundreds 
of Mbit/s. Therefore, the ATM switch fabric in cross- 
connect nodes should have a very large throughput. 
Hitachi developed VLSIs for an ATM switch with a 
throughput of 10 Gbit/s (expandable up to 20 Gbit/s). 


This switch fabric applies parallel processing for the routing 
control and bit slicing. Fig. 4 shows a 2.4-Gbit/s 8 x 8 
(throughput of 20 Gbit/s) parallel processing switch config- 
uration. Incoming cells are divided into 16 portions and 
each portion is given a routing tag and distributed to switch 
LSIs. Each switch LSI with an independent routing control 
function treats the 1/16 cell according to the routing tag 
attached. Since this technique eliminates the need for high 
speed control signals between switch LSls, a large capacity 
switch is easily achieved using bit slicing. 


Low speed (150 Mbit/s, 600 Mbit/s) interfaces can also be 
linked to this switch via demultiplexer switches and mul- 
tiplexers. Shared buffer type switches‘ are adopted as these 


demuitiplexer switches to realize bursty traffic tolerance. 
The specifications of these switch LSIs are shown in Tables 
2 and 3. Several types of ATM switches can be constructed 
by the appropriate combination of these LSIs. 





Table 2. Specifications of 2.4-Gbit/s Parallel Processing 
Switch LSI 





Specifications 


2.4 Gbit/s 8 x 8 
(throughput of 20 Gbit/s) 
2.4 Gbit/s 4x 4 
(throughput of 10 Gbit/s) 


1:1 or iin 

Output buffer 

256 cell/output port 
0.8-4m CMOS 


Item 





32 switch LSI configuration 
16 switch LSI configuration 


Input- 
output 
links 








Path connection 





Buffer type 





Buffer size 








Technology 








Table 3. Specifications of Shared Buffer Switch LSI 


Item Specifications 


150 Mbit/s 32 x 32 
(throughput of 4.8 Gbit/s) 
150 Mbit/s 16 x 16 
(throughput of 2.4 Gbit/s) 


!:1 or i:n 
Shared buffer 


4096 cells/switch 
2048 cells/switch 








8 buffer memory LSI 
configuration 
4 buffer-memory LSI 
configuration 


Input- 
output 
links 








Path connection 





Buffer type 


Buffer 8-buffer-memory LSI 
size configuration 
4 buffer-memory LSI 
configuration 














Technology 0.8-4m CMOS 
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38.88 Mbiv/s 38.88 Mbivs 19.44 Mbivs 


Section terminating 
LSI 


622.08 Mbius 


Transmission path terminating LSI ATM layer processing LSI 














HEC Cell rate 
process- pe) decoup!- a 
ing ing 






































Cell rate 
decoup!- 
ing 

































































().6-p1m Si-dipolar 
| kgate/LSI 
2 W/LSI 














0.8-um CMOS 
70-80 kgate/LSI 
2 WAS! 


OVE: Optical to electrical conversion (including timing recovery) 

EJO: Electrical to optical conversion —_S/P- Serial to parallel conversion 
P/S: Parallel to serial conversion SOH: Section overhead 

PTR: Pointer POH: Path overhead 

HEC: Header error control Term.: Termination 

AU: Administration una VC: Vinual container 


Figure 3. STM-4 Line Interface Card Configuration 
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Figure 4. 2.4-Gbit/s Parallel Processing Switch Configuration 





Operation, Administration, and Maintenance 


The developed equipment supports the OA&M functions 
of the ATM layer to provide reliable network operations. 
In the ATM layer, the information for OA&M manage- 
ment, e.g., fault reporting messages, error detecting codes, 
as well as user data, must be transported by OA&M cells, 


while the OA&M management in the STM network is 
performed by section/path overhead bytes. Furthermore, 
in the B-ISDN environment, path bandwidth management 
is important to avoid traffic congestion in the network. If 
users intentionally or unintentionally exceed the allocated 
bandwidth, cells in the virtual path (VP) must be 
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discarded, otherwise the network would be overloaded. 
This bandwidth monitoring and discarding process is 
called policing, and resource management processes 
including bandwidth allocation and policing are called 
usage parameter control (UPC). 


The developed equipment supports’: 
(1) VP fault management using fault reporting cells 


(2) VP performance management using performance 
monitoring cells 


(3) VP performance testing using VP testing cells 
(4) VP tracing using VP tracing cells 


(5) Peak rate and average rate policing using the sliding 
window method and the two-phase jumping window 
method.°® 


In fault management and performance management, 
OA&M cell processing, such as error detection code 
calculation, is done on multiplexed levels using large 


capacity RAM with time-sharing, which allows the 4096 
VPs of one transmission line to be simultaneously mon- 
itored. The UPC LSI also uses large capacity RAM with 
the time-sharing method and can handle the 256 VPs of 
one UNI line simultaneously. Performance monitoring 
cells and VP testing cells transport information about the 
sequence and the number of transmitted cells to deter- 
mine the lost/misinserted cell count. 


These management functions are installed in the ATM 
layer processing VLSIs in line interface cards, as shown 
in Fig. 3. 


Implementation of the ATM Access Multiplexer 


In this section, the function and configuration of a newly 
developed ATM access multiplexer with 150-Mbit/s 24 x 
24 switch fabric are described. 


As shown in Fig. 5, the ATM access multiplexer consists 
of subscriber line interfaces, intra-office interfaces, and a 
VP cross-connect switch fabric which multiplexes and 
connects subscriber VPs to the intra-office line. 





Intra-office line interface #1 ~ l 








Subscriber line interface #1 
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WDM: Wavelength division multiplexer 
O/E: Optical to electrical conversion 
(including timing recovery) 

E/O: Electrical to optical conversion 

TP term.: Transmission path termination 
UPC: Usage parameter control 




















Management console (PC) 








Figure 5. ATM Access Multiplexer Configuration 
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At the entrance to the network, a 32 x 32 shared buffer type 
switch, mentioned in the previous section, is suitable for the 
VP switch, because of its tolerance of bursty traffic. The 
subscriber line interface has a wavelength division multi- 
plexer (WDM) for upstream and downstream multiplexing. 
The subscriber line interface has a UPC function. 


The access multiplexer can handle 12 subscriber lines with 
STM-! B-ISDN UNI, and 12 trunk lines for the STM-1 
intra-office interface. As an intra-office line interface card, 
an STM-4 line interface card can also be used. All! the 
functions except the subscriber interface have one-to-one 
redundancy. These functions are mounted in one shelf 
(600mm x 300mm x 375mm). Fig. 6 and Fig. 7 show the 
external view of the STM-4 line interface card, and the 
testing system for ATM access multiplexer respectively. 





+S 2h oer 
eet i ee oe 


Figure 6. STM-4 Line Interface on a Single Printed 
_ Circuit Board. This card (330mm x 300mm) contains 
the functions shown in Fig. 3. 

















_-AIM access 
~~ multiplexer 











Figure 7. Testing System for ATM Access Multiplexer 
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Conclusion 


Newly developed ATM equipment and the related tech- 
nologies are described. Compact ATM equipment with 
OA&M functions are realized using 0.8-~m CMOS VLSIs 
and optical transmission modules using sophisticated ICs. 
A large capacity ATM switch fabric can be realized using 
parallel processing and a shared buffer technique. These 
results demonstrate the feasibility of B-ISDN for the 
coming age of new communication services. 
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Fiber-Optic Subscriber System Based on Passive 
Optical Network Architecture 
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Yamazaki, Telecommunications Division, Hitachi, Ltd.; 
and Susumu Himi, Fiberoptics Division, Hitachi, Ltd.] 


[FBIS Transcribed Text} 
Abstract 


A passive double star (PDS) fiber-optic subscriber system 
that provides narrowband ISDN services (called INS 64 
and INS 1500 in Japan) has been developed under the 
direction of Nippon Telegraph and Telephone Corpora- 
tion. This PDS system is economical because it allows 
multiple subscribers to share a single optical transmission 
line and central equipment unit. This system can also 
transmit video on the same optical fiber by wavelength 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 














JPRS-JST-94-042 
10 November 1994 


division multiplexing (WDM). For the optical interface 
module, a WDM chip is hermetically sealed together with 
LD and PD chips by adopting high-silica based optical- 
waveguide technology in order to miniaturize the system. 
Also, fast bit synchronization, TCM/TDMA control, and 
16-channel multiprocessing functions have been imple- 
mented in LSI. 


Introduction 


Implementation of optical subscriber networks, which are 
expected to be the next-generation subscriber system infra- 
structure, is being studied. Optical subscriber networks 
must economically provide analog telephone, narrowband 
ISDN, and broadband services including video.? 


Fig. 1 shows the configuration of a fiber-optic subscriber 
system based on passive optical network architecture. 


The PDS system is suited for economical use because it 
connects multiple subscribers to a single optical trans- 
mission line through a star coupler, allowing them to 


13 


share the same central office equipment unit. Also, video 
can be transmitted on the same optical fiber by wave- 
length division multiplexing (WDM). 


The PDS system uses the time compression multiplexing 
(TCM) to implement bidirectional transmission through a 
single fiber. Signals from optical network units (ONUs) 
meet at the star coupler. This requires timing control to 
prevent one ONU’s signals from overlapping with another 
ONU’s signals. It also requires an encryption technique 
that allows de-encryption only for the ONU concerned. 
The distance between the star coupler and an ONU differs 
for each ONU. This requires an optical transmission 
technique that responds quickly to loss variation. (The 
detail is explained in the “Key Techniques” section.) 


This paper shows the configurations of the SLT (subscriber 
line terminal) and ONU of the fiber-optic system we have 
developed. It further describes the key techniques of the 
system. 


















































Tuner 












































Tuner 




















ONU: Optical network unit 

SLT: Subscriber line terminal 

OSU: Optical subscriber unit 

WDM: Wavelength division multiplexing 
SC: Star coupler 

WS: Workstation 








Central office 


ISDN-SW 





eo Cy ace 2 2m 8 

Cone bbe Pr 

SLTe ead Roth 5s) 

ye Be ope ah areas . 
xt 

* os”. 














3%: Developrnent sphere 


TINF: Terminal interface 

XC: Cross connect 

TV-TEL: Television-tclephone 

PBX: Private branch exchange 

INS: Information network system 

ISDN-SW: Integrated Services Digital Network-Switch 



































Head end 

















Figure 1. Configuration of a Fiber-Optic Subscriber System Based on Passive Optical Network Architecture 
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Table | shows the major specifications of the PDS system. 





Table 1. Major Specifications of the PDS System 


Item Specifications 


Maximum: 24 B 
Average: 12 B (for 16 branches) 
B = 64 kbit/s 








Provided service capacity 





Wavelength 1.3 um 
Transmission distance 7 km (for 16 branches) 
Number of branches 16 


28 Mbit/s 











Transmission speed 





Time completion multiplexing 
(TCM) 


Time division multiple access 
(TDMA) 


Wavelength division multiplexing 
(WDM) 
Wavelength: 1.5 um 


Upstream/downstream multi- 
plexing method 





Inter-ONU multiplexing method 





Video distribution service 








Structure of Subscriber Line Terminal (SLT) 


Fig. 2 shows the configuration of the SLT. The following 
is a description of component functions. 


(1) Optical subscriber unit (OSU) 
The OSU performs the following functions: 


¢ TCM/time division multiple access (TDMA) control 

* WDM 

e Fast bit synchronization and frame synchronization 
of upstream frames from 16 ONU 


(2) Cross connect (XC) 

The XC performs line setting for INS 64 services and 
INS 1500 services from the ISDN digital exchange. Line 
setting is performed for each B-channel (64 kbit/s). 

(3) Multiplex/de-multiplex (MLDX) 


The MLDX multiplexes signals from ISDN switch inter- 
face (ISDN SW INF) into the interface speed. It also 
de-multiplexes them in the reverse direction. 

(4) ISDN SW INF 

The ISDN SW INF interfaces with the ISDN digital 
exchange. 

(5) Common unit (COM) 

The COM performs the following functions: 


¢ Terminal control (TC) 
¢ Alarm contro! (ALM) 
¢ Clock supply (CLK) 


The terminal control block receives control data from 
the workstation (WS) and distributes it into the SLT. 
The data is for: 


e Setting parameters under software control 
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¢ Testing 
¢ Collecting administrative ONU control data. 


The alarm control block gathers alarm information in 
the SLT and transfers it to the alarm collector. 


The alarm control block distributes clock signals and 
frames to the SLT. 


Structure of Optical Network Unit (ONU) 


Fig. 3 shows the configuration of the ONU. The ONU is 
installed in a home or office. It consists of WDM, O/E and 
E/O similar to the OSU. There are two types of ONU with 
different terminal interface circuits (TINF): one termi- 
nates an INS 64 service line and the other an INS 1500 
service line. Multiplexer (MUX) and demultiplexer 
(DMUX) combines the lower bit rate signals (INS 64 or 
INS 1500) to the line rate of 28 Mbit/s. TINF and 
MUX/DMU<X are made by logic circuits. This logic circuit 
section of the ONU is mounted on one LSI chip. Power is 
supplied from a 100-volt AC outlet. A battery is provided 
to guard against AC power service interruption. 


Connecting the tuner to the 1.5-um ONU port enables 
reception of video distribution services. 


Key Techniques-Control Circuit 
(1) TDMA control 


Fig. 4 shows time division multiple access (TDMA) 
control. TDMA applies to the upstream, and time divi- 
sion multiplexing applies to the downstream. For 
upstream and downstream multiplexing, time compres- 
sion multiplexing applies. 


Since signals from ONUs meet at the optical coupler, the 
OSU must control the timing for transmission output 
from each ONU, so that signals from ONUs do not 
overlap. To implement this, the OSU assigns a reference 
transmission output timing for each ONU at the start of 
communication. The longer the fiber length from the 
optical coupler to an ONU, the longer the delay in 
response from the ONU. The OSU detects this delay 
time and reassigns a transmission output timing for the 
ONU. Then, it puts the delay control bits on the down- 
stream. This operation is performed for each ONU. This 
control reduces the protection time between upstream 
and increases the total transmission capacity for the 
ONUs.? 


(2) Bit synchronization 


Short burst data streams from ONUs are received by the 
OSU. The bit phases of these streams are different from 
each other. Bit synchronization at the OSU must be estab- 
lished within one short burst upstream signal duration. 


Fig. 5 shows the fast bit synchronization circuit block 
diagram. Four clock pulses with different phases are 
generated from the master clock, and re-time the input 
data. The detection circuit then determines which clock 
pulse phase is best matched to the input data. 
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Subscriber line terminal 


COM: Common block SC: Star coupler 
MLDX: Multiplex/de-multiplex XC: Cross connect 
TC: Terminal control interface INF: Interface 
SW: Switch (digital exchanger) OSU: Optica! subscriber unit 
ALM: Alarm control WDM: Wavelength division multiplexing 
CLK: Clock supply O/E: Optical/elecirical converter 
E/O: Electrical/optical converter 











Figure 2. Configuration of the Subscriber Line Terminal 
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Figure 4. Time Division Multiple Access (TDMA) Control 
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Figure 5. Fast Bit Synchronization Circuit Block Diagram 


This fast-bit synchronization circuit can synchronize 
with the input data within several bit cycles. It can also 
be implemented as an all-digital circuit. 
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Fig. 6 shows the principle of the fast-bit synchronization 
circuit. The detection circuit in Fig. 5 detects the polarity 
changes of the input data using exclusive-ORs (EX- 
ORs). Once an EX-OR’s output changes from “0” to 
“1,” this data is held by a B-register in detection circuit. 
Even if the EX-OR’s output is not “1” in the next period, 
B-register output remains “1.” The optimum phase clock 
pulse is selected by decoding the four bit B-register 
output pattern. This bit-synchronization can be achieved 
within several bit times. By using this optimum phase 
clock pulse, the data latched nearest the center of the 
input bit interval is selected. 


(3) Key Techniques-Optical Interface Module 


The optical interface module employed in PDS subscriber 
systems have various requirements such as fast response, 
high sensitivity, wide optical dynamic range and compact- 
ness. Compact optical interface modules, consisting of an 
optical WDM sub-module, hybrid-integrated transmitter 
(TX) and receiver (RX) circuits, have been developed in 
order to realize these requirements. 
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Figure 6. Operation Principle of the Fast-Bit Synchronization C 
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WDM: Wavelength division multiplexer 
LD: Laser diode 
PD: Photodiode 














Figure 7. Functional Block Diagram uf the Optical Interface Module. The optical interface module consists of a 
WDM sub-module, hybrid-integrated transmitter and receiver circuits. 





The functional block diagram of the optical interface 
module is shown in Fig. 7. To miniaturize the module, 
the planar lightwave circuit is integrated in a single chip 
by adopting high-silica based optical-waveguide 


technology.' It is comprised of a 3-dB optical directional 
coupler for 1.3-+i1m bidirectional transmission through a 
single fiber and optical WDM device for the wavelength 
of both 1.3 ym and 1.55 ym. The lightwave circuit chip 
is hermetically sealed with an LD and two PDs (detector 
and monitor), in a single package. 


The block diagram of the transmitter circuit is shown in 
Fig. 8. In an ONU transmitter, the current switch was 
turned off externally by TX/RX mode signal in order to 
set the transmitter to a stand-by state during the down- 
stream signal receiving. Optical output power was auto- 
matically controlled utilizing a photo-current detected 
by a monitor PD placed on the back-side of the LD in the 
WDM sub-module. As an automatic power control 
(APC) scheme, the non-bias drive current control 
method was chosen to ensure stable transmitter opera- 
tion. In burst signal transmission, the marked ratio of 
transmitted signal stream varies widely. Accordingly, a 
fast response peak detector with a large time constant of 
1 ms was introduced to produce a control signal which 
compares an incoming burst signal with a signal detected 
by the monitor PD. 


In the receiver circuit, high-speed automatic gain control 
(AGC) and automatic threshold control (ATC) tech- 
niques were developed to realize high sensitivity, wide 
optical dynamic range and fast response for incoming 
burst signals. The circuit configuration is shown in Fig. 
8. A high-speed AGC amplifier was adopted as a means 
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Figure 8. Block Diagram of Receiver Circuit. Fast 
response AGC and ATC techniques are introduced for 


high-quality burst signal transmission. 
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for gain control in order to make the receiver quickly 
reach on-state stability and to attain a wide optical 
dynamic range. For the AGC amplifier, a wide linear 
operation region is required because the pulse width 
distortion produced in the amplifier degrades the 
receiver sensitivity. An ATC circuit was devised to 
obtain high sensitivity and to keep the fast response of 
the receiver irrespective of the received optical power 
level. Using the ATC technique, the optimum reference 
level was achieved over a wide optical dynamic range. 
Also, a pulse distortion of less than +/- 10 percent was 
obtained. 


The fabricated optical interface module is shown in Fig. 
9. The WDM sub-module, transmitter and receiver 
circuits were electrically connected by soldering. The 
module has a geometric size of L: 80mm x W: 50mm x H: 
9mm (volume: about 36 cc). 














Figure 9. Fabricated i Optical I ialbes Module. The module 


has a geometric size of L: 80mm x W: 20mm x H: 9mm. 





Subscriber Line Terminal 


By using these techniques, the SLT is realized as shown 
in Fig. 10. The top row in the cabinet has the common 
unit. The second and fourth rows in the cabinet have the 
optical subscriber unit which has the OSU and the XC. 
The third and fifth rows in the cabinet have the ISDN 
SW INF unit. The SLT connects 300 ONUs for INS 64 
narrowband ISDN service or it connects 150 ONUs for 
INS 1500 narrowband ISDN service. 


Conclusion 


A passive double star (PDS) fiber-optic subscriber 
system that provides narrowband ISDN services has 
been developed. LSI has been used to implement the 
major techniques of this system, i.e., fast-bit synchroni- 
zation, time division multiple access (TDMA) control, 
and subscriber multiplexing/de-multiplexing. For the 
optical interface module, a WDM chip is hermetically 
sealed together with LD and PD chips to miniaturize the 
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Figure 10. A Subscriber Line Terminal (SLT). The SLT 
connects 300 ONUs. Dimensions: 800mm (W) x 600mm 
(D) x 1800mm (H). 





system. The system can also transmit video by wave- 
length division multiplexing (WDM). There are great 
expectations for PDS optical subscriber systems to 
develop which will allow for economical configuration of 
optical subscriber networks. 
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{[FBIS Transcribed Text] 
Abstract 


The transmission systems of New Common Carriers 
(NCCS) and electric power companies have used pulse 

ng transmission equipment for their trunk lines. 
Since 1992, TTNet (Tokyo Telecommunication Network) 
started introducing into their network synchronous digital 
hierarchy (SDH) equipment that was standardized by 
ITU-T in 1988. In line with this trend, Hitachi, Ltd. has 
developed 600-Mbit/s SDH equipment. This equipment 
consists of one bay and multiplexes 1.5-Mbit/s, 2-Mbit/s, 
6-Mbit/s, and 8-Mbit/s low-speed signals of the old hier- 
archy and 50-Mbit/s and 150-Mbit/s low-speed signals of 
the new hierarchy into 600-Mbit/s high-speed signals to be 
transmitted over the transmission path. This equipment 
features the following and can be used as the core of future 
NCC trunk line transmission equipment: (1) It can mul- 
tiplex any combination of old and new low-speed signals 
into high-speed signals; (2) Natural convection cooling 
eliminates the need for fan maintenance; (3) Since the 
supervisory and control signals are superimposed on the 
main signal, a separate network for supervision and 
control is unnecessary. 
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Introduction 


Since 1989, NTT (Nippon Telegraph and Telephone 
Corporation) has been installing synchronous digital 
hierarchy (SDH) transmission equipment that uses the 
new synchronous transmission interface standardized by 
ITU-T in 1988 (then CCITT).' On the other hand, New 
Common Carriers (NCCS) have different requirements: 
a cost-effective equipment configuration, reduction in 
equipment installation space and natural convection 
cooling, due to the difference in the network scale. 


This article describes the 600-Mbit/s multiplexing ter- 
minal equipment that Hitachi developed for NCC and 
private networks such as those installed in electric power 
companies. 


Configuration of the Transmission System and 
Equipment 


Although the existing trunk transmission lines of NCCs 
and electric power companies are 400-Mbit/s or 1.6- 
Gbit/s pulse stuffing transmission lines, the trend is 
toward SDH networks defined in ITU-T recommenda- 
tions (G.707, G.708, and G.709). The developed 600- 
Mbit/s multiplexing terminal equipment applies to these 
SDH networks. Fig. 1 shows how this equipment is used 
for a transmission system. 


This equipment multiplexes digital primary (1.5 Mbit/s), 
digital second order (6 Mbit/s), Japanese intra-office 8 
Mbit/s, and Japanese inira-office 2-Mbit/s low-speed 
signals, and SDH synchronous transport module level 0 
(STM-0: 50 Mbit/s) and STM-1 (150 Mbit/s) signals into 
STM-4 (600 Mbit/s) signals and transmits the resultant 
signals optically. 
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Figure 1. Transmission System Example. Japanese domestic 1.5-Mbit/s, 6-Mbit/s, 2-Mbit/s, and 8-Mbit/s interfaces 
are used. 
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Fig. 2 is a block diagram of this equipment. The equipment 
consists of low-speed section |, low-speed section 11, a 
high-speed multiplexing section, and a common section. 


The function of each section is as follows. 


As shown in Fig. 3 (a), low-speed section I accommodates 
1.5-Mbit/s and 6-Mbit/s signals from the existing transmis- 
sion equipment and 2-Mbit/s and 8-Mbit/s signals from 
digital exchanges, and multiplexes and converts them into 
the 150-Mbit/s common interface for the high-speed multi- 
plexing section. (A system (SYS) implementing this function 
is housed in one 650mm wide x 200mm high unit.) 


Low-speed section II accommodates 50-Mbit/s and 1 50- 
Mbit/s SDH signals, terminates the transmission lines, 
and converts the signals into the connection interface for 
the high-speed multiplexing section, as shown in Fig. 3 
(b). (One unit accommodates two SYSs.) 


The high-speed multiplexing section multiplexes the low- 
speed signals above, terminates the STM-4 overheads, and 
connects to a 600-Mbit/s optical transmission line, as 
shown in Fig. 3 (c). (One unit accommodates one SYS.) 


The common section supplies clock signals to each 
section and supervises and controls the equipment. (This 
section is accommodated in one unit.) 
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Figure 2. Equipment Construction. This figure shows an example of three low-speed section I and a low-speed section II. 
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Figure 3. Block Diagram 
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Fig. 4 shows the bay mounting configuration of the 
600-Mbit/s multiplexing terminal equipment. 
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Figure 4. Bay Construction. One frame accommodates 
one 600-Mbit/s signal. 





Equipment Features 


The 600-Mbit/s multiplexing terminal equipment is 
trunk line transmission equipment that performs STM-4 
(600 Mbit/s) synchronous transmission complying with 
an ITU-T standard interface. It allows large-capacity 
transmission of up to 8064 channels of telephone traffic. 
The following are the major features of this equipment: 


(1) In Hitachi’s conventional SDH equipment, separate 
bays are required for the unit that accommodates 1.5 
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Mbit/s and other speeds of existing signals, multi- 
plexes them into 150-Mbit/s signals and transmits 
the resultant signals; and for the unit that accommo- 
dates 150-Mbit/s and other SDH signals, multiplexes 
them into 600-Mbit/s signals and transmits the 
resultant signals.? The multiplexing terminal equip- 
ment can accommodate low-speed section I and 
low-speed section II in the same frame, as mentioned 
above, so two bays are no longer necessary. In 
addition, these low-speed sections can be combined 
as desired within the 600-Mbit/s transmission 
capacity, as shown in Fig. 4. 


Using this equipment, conventional digital equipment 
can be interconnected with SDH cross-connect equip- 
ment and the SDH network. Since either low speed 
section I or II can be added as desired into one bay 
according to office requirements, floor space can be 
saved. 


(2) Maintenance is easy because the equipment is pro- 
vided with the following functions: 


(a) The key parts, such as the main signal section 
and power section, are fully redundant. Upon a 
failure, they are diagnosed and switched auto- 
matically. 


(b) To manage the digital transmission quality, 
detailed alarm information is output automati- 
cally and history management of momentary 
errors is possible. 


(c) The equipment operating parameters (transmis- 
sion code, active system, etc.) can be set, the 
operating state can be monitored and the oper- 
ating conditions can be changed remotely under 
software control. 


(3) To reduce power consumption, a special thermal 
design is used to eliminate the need for a fan in this 
equipment, which improves its maintainability. 


(4) The supervisory/control signal is superimposed on 
the main signal, so no dedicated network is necessary 
for supervision and control. 


(5) A 1.3-4m semiconductor laser and GE-APD (avalanche 
photodiode) are used as the optical transmitter and 
receiver elements, respectively. This enables 40-km 
repeaterless transmission over a single-mode optical 
fiber. 
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Equipment Overview 


Table | lists the major specifications for the 600-Mbit/s 
multiplexing terminal equipment. 





Table 1. Equipment Specifications 
Item Specification 
Number of channels 8064 channels/frame 
Interface Higher order STM-4 (600 Mbit/s) x 1! 


Lower order | (1) STM-1 (150 Mbit/s) x,/SYS 
(2)STM-0 (50 Mbit/s) x 3” /SYS 

(3) 1.5 Mbiv/s x 44 /SYS 

(4) 6 Mbit/s x 21.) /SYS 

(5) 2 Mbit/s x 34../SYS 

(6) 8 Mbit/s x 17°"/SYS 


Higher order IF | 1:1 
Lower order IF N:1 
Power card N:1 


InGaAsP LD/1.34m 
+3 dBm 
Ge-APD 
-34 dBm 

















Redundancy 





Optical Light emitting 
transmission | device 

(600 Mbit/s) | Optical trans- 
mitting power 
Light receiving 
device 
Minimum 
receivable 
power 








Natural convection 





Cooling method 
“One bay accommodates four systems by combining interfaces (1)+(6). 








Each figure designates the maximum number. 





The equipment is housed in a new type of bay 650mm 
wide, 500mm deep and 2300mm high. To reduce power 
consumption, this equipment uses for its high-speed mul- 
tiplexing section GaAs LSIs that consume very little power 
and CMOS LSlIs for low speed parallel-processing of Sec- 
tion Overhead (frame alignment, phase matching, signal 
format conversion, error rate detection, alarm detection, 
etc.). In addition, natural convection cooling is used to 
cool the bay by distributing the power consumption so heat 
does not concentrate on a specific card. 


Fig. 5 shows a photo of the terminal equipment. 


The top shelf of the frame is the common section, the 
600-Mbit/s high-speed multiplexing section is installed on 
the second shelf, and low-speed sections are installed on 
the four lower shelves. 


Any combination of existing signals and STM-0/STM-1 
signals can be accommodated in the low-speed sections 
within the limit of the 600-Mbit/s capacity. 


Another feature of this equipment is that long-distance 
repeaterless transmission over 40 kilometers is imple- 
mented by using a high-power semiconductor laser with a 
1.3-41m wavelength for the 600-Mbit/s optical transmitter 
module. The minimum receivable power of the optical 
receiver module is under -34 dBm. Fig. 6 shows the error 
rate characteristics of the optical receiver module. The 
minimum receivable optical power satisfies the specifica- 
tion from 0 to 400°C. 














Figure 5. 600-Mbit/s Multiplexing Equipment. Equipment 
physical dimensions are 650mm wide, 500mm deep and 
2300mm high. 
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Figure 6. Error Rate Characteristics. This figure shows 
the bit error rate characteristics of the 600-Mbit/s 
optical receiver. The hatched area indicates the out of 


spec. region. 
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Conclusion 


We have developed multiplexing terminal equipment 
that allows 600-Mbit/s transmission based on an inter- 
nationally standard interface. A mixture of existing 
interface signals used in conventional digital equipment 
and SDH interface signals can be accommodated in the 
same bay, saving floor space. The fan-less natural con- 
vection cooling of the bay, together with equipment 
redundancy eases maintenance. Also, operation is sim- 
plified by including features such as remote supervision 
and control, automatic failure diagnostics, and auto- 
matic switchover upon failures. The first three lots of 
this equipment were delivered to TTNet (Tokyo Tele- 
communication Network) in September 1992. They 
have operated smoothly to date. 
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[FBIS Transcribed Text] 
Abstract 


In existing asynchronous networks in the U.S., all vendors 
have so far used proprietary, non-standard techniques for 
optical transmission systems. As a result, different ven- 
dors’ optical equipment could not easily communicate 
with each other. The only way to communicate between 
different vendors’ equipment was to convert from optical 
signal to the asynchronous electrical standard interfaces 
of DS-1 and DS-3. This was very expensive and complex. 
SONET provides an answer for eliminating these prob- 
lems and allows for the establishment of an advanced 
network. We have developed the OC-3 MUX/ADM as 
next-generation SONET equipment. It supports multiple 
self-healing ring topologies which are software reconfigu- 
rable. This new equipment achieves a simple, flexible, 
survivable and cost-effective network. 


Introduction 


Hitachi’s SONET product family is designed for network 
evolution into the 21st century. Based on the synchro- 
nous optical network (SONET) standard, the Hitachi 
product family creates a more sophisticated network 
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which enables a network provider to simplify network 
operations, improve network survivability, and reduce 
operation and capital costs. 


SONET is a North American fiber optic telecommunica- 
tions network standard which has been adopted by the 
American National Standards Institute (ANSI). Hitachi 
offers the SONET product family, which encompasses a 
wide range of SONET products for economical enhance- 
ment and expansion of the fiber infrastructure. Below, the 
OC-3 product (OC-3 MUX/ADM-Multiplexer/ 
Add-Drop-Multiplexer), which is from the Hitachi SONET 
product family, is described (SONET OC-3 is equipment to 
SDH STM-1, i.e., synchronous digital hierarchy, synchro- 
nous transport moduie-1 of ITU-T) ([International Tele- 
communications Union-Telecommunications 
Standardization Sector], formerly CCITT [International 
Telegraph and Telephone Consultative Committee]). 


The benefits of the OC-3 MUX/ADM are as follows: 


(1) Network simplification 


The OC-3 MUX/ADM economically provides capabili- 
ties which once required an assortment of asynchronous 
equipment. The existing asynchronous interfaces, 1.5 
Mbit/s (DS-1) and 45 Mbit/s (DS-3), as well as future 
synchronous mapping can be accommodated by virtual 
tributaries (VTs) and synchronous transport signals 
(STSs), respectively, for transmission over the SONET 
fiber network. The OC-3 MUX/ADM achieves substan- 
tial simplification by eliminating asynchronous multi- 
plexers, fiber terminals, cross-connects and so on, 
because it is able to carry any desired amount of band- 
width from one point to another without the other 
multiplexers at intervening points. 


(2) Network flexibility and survivability 


The OC-3 MUX/ADM supports a wide variety of net- 
work applications, including point-to-point, add/drop 
chain, ring and hubbing because of its add/drop and 
cross-connect functions. The functionalities of the 
Hitachi SONET products are software-reconfigurable. 
The cross-connect function can offer network providers 
the ability to optimize bandwidth utilization and to 
allow easy control of bandwidth provisioning, thus 
enabling the configuration of a cost-effective and flexible 
network. With an add/drop function that can realize 
self-healing ring architectures which protect well against 
fiber cable or equipment failures, the Hitachi SONET 
products go a step further in survivability. 


(3) Powerful OAM&P 


The operation, administration, maintenance and provi- 
sioning (OAM&P) of the OC-3 MUX/ADM brings to the 
user powerful testing, high reliability, and excellent 
maintenance functionally with such capabilities as 
traffic and performance analysis, self-healing and band- 
width control. The Hitachi SONET product family has a 
user friendly craft interface and an operation systems 
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interface which is transaction language | (TL 1) com- 
pliant with Bell Communications Research (Bellcore) 
standards. The operations system (OS) interface will be 
able to evolve from TL 1 to common management 
information service element (CMISE) which is telecom- 
munication management network (TMN) standard and 
open systems interconnection (OSI) protocol standard- 
ized by Bellcore and ITU-T. 


System Outline 


The OC-3 MUX/ADM is a SONET OC-3 transport 
system that combines basic DS-1 and DS-3 with a 
variety of advanced functions for economical use and 
high reliability in inter-office and local loop networks. It 
has a wide variety of network applications, including 
terminal, add/drop, 2-fiber ring and 4-fiber ring. It 
consists of a single shelf which can support flexible 
combinations of low speed DS-1 and DS-3. OS options 
include TL 1/X.25, telemetry byte oriented serial 
(TBOS), or parallel telemetry, with upgradability to 
OSI/CMISE. 


A key factor in making a system easy to use is its human 
interface. OAM&P of the OC-3 MUX/ADM brings to 
the user powerful testing (loopback, drop/ 
insert/monitor), high reliability (automatic identifica- 
tion of a failure card by diagnostics, self-healing control) 
and excellent maintenance functionality (card inventory 
management, ADM, equipment parameter control by 
software strap, alarm & switch state history storage, etc.). 





Network survivability is becoming more and more 
important for network providers as the number of busi- 
ness customers using public networks for leased line and 
other services increases. Hitachi’s OC-3 MUX/ADM is 
the ideal building block for self-healing 2- and 4-fiber 
ring networks and even provides additional cross- 
connect capability for ring interworking and other 
options. Extensive performance monitoring allows car- 
riers to ensure high levels of quality and reliability of 
service. 


Network Application 


The first application to be described is in the feeder 
portion of the network. The OC-3 MUX/ADM is well- 
suited for application to the local loop network. A 
generalized view of an existing asynchronous network is 
shown for reference in Fig. 1. Asynchronous DS-1s and 
DS-3s are fed directly to the office, or are multiplexed 
into higher speed asynchronous signals and transmitted 
optically to the local office. The first OC-3 MUX appli- 
cation to the existing network, shown in Fig. 2, is a direct 
application to that network and replaces asynchronous 
optical transmission equipment. In the second applica- 
tion, the network is further extended and VT 1.5 and 
STS-1 grooming (across entire STS-3) capability is added 
by implementation of add/drop functionality as illus- 
trated in Fig. 3. The third application is shown in Fig. 4. 
By using the technique of self-healing rings (SHR-2-fiber 
ring or 4-fiber ring), high system reliability and low cost 
fiber cable installation can be achieved. 
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Figure 2. Direct Point-to-Point Application 

















DS-1: Digital signal-level | 




































































































































































































































: . Central office 
OC-3: Optical carrier-level 3 (155.52 Mbit/s) 
OC-12: Optical carrier-level 12 (622.08 Mbit/s) = or To other offices 
: MUX an) rn 
DS-1 (1.544 Mbit/s) 
Digital : Inter-office 
| switch transport 
DS-3 (44.736 Mbit/s) MUX | 
oc-3 = 7] 0¢-12 o—| 
OC-3 |: 4 MUX 
} mx — 
Used in place of asynchronous MUX 
increasing functionality, capacity 
Figure 3. Add/Drop Chain Application 
Central office 
ADM: Add-drop multiplexer 
& To other offices 
DS-1 7} OC-12 | 
nl MUX 
: Digital Inter-office 
switch transport 
4 
oc-3 : Pr} OC-12 
a= | Mux [J -O— 
Ds-f] 0-3 ; 
: 2- of 4- fiber ring 
os + docs Private DS- I lines 
OCc-3 vA 
DS- o-3 —- a Ds} 
DS-3-] AM fe ‘i 
Figure 4. Self-Healing Ring Application 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 




















JPRS-JST-94-042 
10 November 1994 


Equipment Features fiexible accommodation of a variety of lower order 

interfaces, and a full range of functionality, from a basic 
Table 1 shows the main specifications of the OC-3 terminal multiplexer to an add/drop multiplexer in a 
MUX/ADM. The OC-3 MUX/ADM is designed for __ self-healing architecture. 





Table 1. Main Specifications 


Item Specification Remarks 


Physical structure —Frame: Universal self-support rack (584mm (23 inch) EIA rack) or 
overhead-supported rack (584mm (23 inch) rack) 

—Shelf: 216mm (85 inch) H x 541mm (21.3 inch) W x 305mm (12 
inch) D 

—Convection cooling 











System application —Linear add/drop 
—2-fiber UPSR 
—2- or 4-fiber BLSR 
—Terminal 

—Hub 


Accommodation of lines —DS 1:84 lines or 
—DS 3: 3 lines or 


Low-speed interface Type —DS 1! (1.544 Mbit/s, asynchronous) 
—DS 3 (44.736 Mbit/s, asynchronous) 


Circuit card —4 DS 1/small card 
—1I DS 3/small card 


Signal characteristics | —DS 1: ANSI TI. 102 
—DS 3: ANSI TI. 102 






































Transmission —DS 1: 200 m (655 ft) Distance to DSXN 
distance —DS 3: 137 m (450 ft) 
High-speed interface | Type —OC-3 (155.52 Mbit/s) 
Circuit card —1! OC-3/card 
Fiber —Single mode 1310 nm zero dispersion fiber 
Signal characteristics | —TR-NWT-253, Issue 2 
Transmigsion —Short reach: 2 km 
distance —Intermediate reach: 15 km 
—Long reach: 40 km 
Clock interface —Receive clock: 1.544 MHz 


—Transmit clock: 1.544 MHz 











“Distances are nominal and for classification only. 
EIA: Electronic Industries Association 

UPSR: Unidirectional path switched ring 

BLSR: Bi-directional line switched ring 

DSXN: Digital signal cross-connect level N 




















The OC-3 MUX/ADM shelf is shown in Fig. 5, and can 
be mounted in a standard EIA 584mm (23 inch) bay 
which is compliant with the network element building 
system (NEBS) standardized by Bellcore. The basic 
dimensions of the shelf are 541mm (21.3 inch) wide x 
305mm (12 inch) deep x 216mm (8.5 inch) high. A heat 
baffle is provided for convection cooling. 


The OC-3 MUX/ADM has the advantages of the next- 
generation SONET equipment. The first advantage is 
multiple self-healing topologies. The OC-3 MUX/ADM 
supports three self-healing rings, that is, a 2-fiber unidi- 
rectional path switched ring (UPSR), a 2-fiber and a 
4-fiber bidirectional line switched ring (BLSR). The ring Figure 5. OC-3 MUX/ADM 
architecture is software reconfigurable. BLSR is quite 
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economical compared to the UPSR especially in inter- 
office applications because it allows reuse of bandwidth. 
So, OC-3 MUX/ADM is well-suited for application with 
inter-office networks as well as access networks. The 
second advantage is complete TSI capability, which 
allows cross-connection as VT-1.5 or STS-1 level across 
the entire STS-3. Because of this functionality, the OC-3 
MUX/ADM can support DS-1 and DS-3 cross- 
connection, hairpin connection of VT-1.5 level, add/ 
drop, continue, broadcast, and so on. The above two 
features realize various system configurations from a 
single shelf by software provisioning only. 


Conclusion 


This report has given an overview of Hitachi’s OC-3 
MUX/ADM, which has been developed as next- 
generation SONET equipment. 


The major features of this equipment are 23 follows: 


(1) Flexible application to traditional and advanced 
networks 


The OC-3 MUX/ADM supports multiple self- 
healing ring topologies (2-fiber UPSR, 2-fiber BLSR, 
and 4-fiber BLSR) which are software reconfigu- 
rable. Therefore, it allows installation of cost- 
effective networks not only just access networks, but 
inter-office networks as well. 


(2) Forward looking architecture 


This equipment accommodates various low-speed 
interfaces in the same slot of the shelf. DS-1 and 
DS-3 are now supported as low-speed interfaces, and 
OC-1, STS-1 (51.84 Mbit/s) and other new interfaces 
will be applicable as low-speed interfaces in the 
future. Therefore, it achieves smooth transition to a 
multi-service network. The surveillance and control 
part of the equipment is designed for easy migration 
to advanced OAM&P. It has a craft interface, OS 
interface and LAN interface. These interfaces are 
now TL |, and will be able to evolve into CMISE in 
the future. 


High-Speed Multimedia Backbone LAN 
Applications 


43070117F Tokyo HITACHI REVIEW in English 
Apr 94 pp 67-70 


[Article by Masato Hirai and Isao Takanishi, Office 
Systems Division, Hitachi, Ltd.; and Toshihiko Ogura, 
Systems Development Laboratory, Hitachi, Ltd.] 


[FBIS Transcribed Text] 


Abstract 


The Super LAN -600 is a high-speed multimedia back- 
bone network which integrates data, voice, and video 
media, and which provides long distance (up to 40 km) 
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transmission using optical fiber cables with a high trans- 
mission rate of 622.08 Mbit/s. Supporting video, voice, 
telephone, and data communication local area network 
(LAN) interfaces, it allows the construction of a multi- 
media network which meets a wide spectrum of business 
requirements and which fits various environments. Exam- 
ples of its application to the manufacturing industry 
include a system configuration which combines access to 
design/manufacturing databases, transmission of com- 
puter-generated video images, and transmission of tele- 
phone conversations in an integrated manner. Another 
example, a public utility (such as electricity, water supply 
and sewage) application, integrates remote monitoring 
and control and telephony into a data communication 
LAN. 


Introduction 


In recent years, demand has been increasing for handling 
information generated or entered in a variety of forms 
within a premises, such as voice and video images, in 
addition to conventional data. Two problems have been 
slowing down the move to meet such demand. First, each 
form of information has required its own communication 
equipment. Second, while LAN speed has increased to 
sustain increases in amount of data transmitted within a 
premises, transmission rates between separate sites have 
not kept pace with LAN speed. To solve these problems, 
Hitachi has developed a high-speed multimedia backbone 
LAN called the Super LAN 2-600 (Fig. 1). The 2-600 was 
brought on the market in September 1990. 


This paper describes applications of the 2-600. 


2-600 System Outline 


Table 1 lists the major specifications of the £-600. The 
£-600 conforms, in internal frame structure and trans- 
mission rate (622.08 Mbit/s), to the synchronous digital 
hierarchy (SDH) standard of the ITU-T. It uses 1.3-4m 
single mode optical fiber as the transmission medium. 
Employing a dual-loop configuration, it supports “‘loop 
back” and “alternate loop” to enhance network avail- 
ability. The maximum number of nodes connected is 
127; the maximum node spacing can be selected from 
among 10, 25, and 40 km. The connection interfaces 
supported by the 2-600 are the National Television 
System Committee (NTSC) interface for video transmis- 
sion, TTC (Telecommunication Technology Committee, 
Japan) standard 2-Mbit/s interface, and the fiber distrib- 
uted data interface (FDDI). Each node has four ports in 
any combination of these interfaces. In addition to the 
loop back and alternate loop functions, the 2-600 sup- 
ports a duplex configuration at the system level, to 
further improve system availability. The system is 
equipped with various network management functions, 
which focus on system status management and failure 


management. 
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Figure 1. The Super LAN 2-600 High-Speed Multimedia Backbone LAN. The 2-600 allows the construction of a 








Table 1. Major Specifications of the 2-600. The 2-600 allows the construction of a large-scale multimedia LAN. 


























Transmission rate 622.08 Mbit/s 

Transmission medium 1.3-4m single mode fiber (dual loop) 

Maximum number of nodes 127 

Maximum node spacing 10, 25, and 40 km (selectable) 

Interfaces supported NTSC video interface - 
Time-division-multiplexing 2 Mbit/s (TTC standard) 
FDDI 

RAS features Dual loop (loop back and alternate loop) 
Duplex-configuration system 

Network management Status, configuration, and failure management 





FDDI: Fiber distributed data interface 





TTC: Telecommunication Technology Committee, Japan 





NTSC: National Television System Committee 





RAS: Reliability, availability, and serviceability 
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System Applications 


Features 


A variety of networks can be configured, taking advan- 
tage of the following features of the 2-600: 
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¢ It makes the construction of a multimedia network easy 


by interconnecting LANs which carry different forms of 
information such as video images, voice and coded data. 


¢ The node spacing limit of as long as 40 km signifi- 


cantly eases distance constraints in building a high- 
capacity (622.08 Mbit/s) network. 


Table 2 lists examples of the £-600 applications. 





Table 2. Applications of the 2-600. The 2-600 can be used in a variety of application fields. 








Application fleld Application Industry 
Research, development, design, Image-intensive database retrieval (drawings and design information) Manufacturing (automotive, 
manufacturing Display of computer-generated video images for visualization of electrical, and shipbuilding) 


simulation results 





Monitor and control over wide 


Close monitoring by use of real-time video images 
area Centralized remote control at a central control station 
Retrieval from a database such as maintenance drawings at the remote 


Utilities (electricity, water supply 
and sewage, railroad, gas 
transmission, and roads) 





All industries 





site 
Office Intra-building, Expandable intra-building communication network 
automation Inter-building —Floor LAN (integration of token-ring and CSMA/CD LANs) 
(intelligent —Accommodates various types of transmission interfaces 
building) —Telephone network 
Remote FDDI connection between LANs with high-speed transmission (100 
connection Mbit/s rate) 
(head- TV conferencing to decrease the frequency of business trips 
to-branch Distributed PBX system 
offices factory- | Distributed PBX system 
to-factory) 








Academic environment 
database 


simulation results 


Sharing system resources such as a supercomputer and a large-scale 


Lecturing, presenting, and teaching by use of video images 
Display of computer-generated video images for visualization of 


Laboratory, university 





Plant control 





Real-time process control 


Close monitoring by use of real-time video images 


Chemical sieel 








PBX: Private branch exchange; CSMA/CD: Carrier sense multiple access with collision detection 





Application Examples 


(1) Application in a Manufacturing Company 


The £-600 system allows tight interconnection of various 
departments of a company, such as research, design, 
manufacturing, quality assurance and general adminis- 
tration, spread out in a large premises or even spanning 
more than one site across a road, as illustrated in Fig. 2. 


The research and design departments share development 
resources, such as a database server and a supercom- 
puter. Researchers and engineers can view, on the video 
displays in their offices, the results of numerical analysis 
performed and visualized by the supercomputer, or they 
can design complex objects using a graphics CAD system 
which runs on personal computers or engineering work- 
stations. The graphics database of manufacturing draw- 
ings can be retrieved at a high speed (100 Mbit/s) from 
anywhere in the design office and the manufacturing 
lines. A high-speed multimedia network is essential in 
building such a distributed and collaborative environ- 
ment for development and manufacturing. 


The £-600 system can also bring more value to the 
corporate office automation (OA), by linking production 


schedules to the order information held in the informa- 
tion system department, facilitating the generation of 
management information, and introducing electronic 
mail. 


Combined with private branch exchanges (PBXs), the 
system can also handle voice, video images, and data, so 
that video conferencing and corporate broadcast services 
can be provided over the same network. 


(2) Application in a Local Government 


The 2-600 can be used by a local government to remotely 
monitor and control roads and public utility facilities up 
to tens of kilometers away, or as part of the communi- 
cation infrastructure for providing various services to 
both citizens and offices alike, as illustrated in Fig. 3. 
The 2-600 system makes it possible to remotely monitor 
the water levels of rivers flowing over a wide area for 
flood prevention, or to monitor and control water supply 
and sewage facilities from a central station in real time. 
With on-site monitor cameras operated from a central 
control station, such a system allows quick detection of 
danger points, by providing clear, real-time pictures of 
river flow and pump operation. 
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Figure 2. Example of Application in a Manufacturing Company. The integrated system enhances productivity by 
means of FDDI connections, which provide high-speed access to a shared database, viewing of video synthesized by a 
supercomputer, TV conferencing, and TV telephony. 
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Figure 3. Example of Application in a Local Government. A sophisticated monitoring/control system can be built, 
which integrates remote monitoring and control of utilities, remote retrieval of maintenance documents and 
facsimiles/telephones. 





The maintenance personnel can retrieve maintenance 
drawings and associated information from the document 
server in the control station through a workstation on site. 


The 2-600 system can also be used as a basis for 
enhancing services to citizens. Resident registers, for 
example, can be retrieved or updated easily from any 
branch of the city office. The use of electronic mail or 
video images would improve the speed and quality of 
public announcements. 


On the 2-600, it is also easy to construct a telephone/ 
facsimile network by installing PBXs, remote switching 
units (RSUs) and multifunction telephones. 


Future Perspective 


Over the years to come, multimedia technology will 
make further inroads into human society, by integrating 
high-definition television into the computer network, 


supporting high-speed file transfer between computers, 
and incorporating data compression, which will signifi- 
cantly increase the number of communication channels 
accommodated on each network. The 2-600 network will 
be indispensable in building such an advanced multi- 
media infrastructure. 


Conclusions 


Applications of the Super LAN £-600, Hitachi's multi- 
media high-speed backbone LAN, have been described. 
With significantly longer connections and a higher band- 
width than ordinary LANs, the £-600 meets a wide range 
of advanced systems requirements in terms of communi- 
cation speed, geographical area of coverage, configuration 
and media supported. 
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150-Mbit/s, 600-Mbit/s, and 2.4-Gbit/s Optical 
Interface Modules for SDH Transmission Systems 
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[Article by Kiichi Yamashita, Kazuhide Harada, and 
Yasuhiro Yamada, Fiberoptics Division, Hitachi, Ltd.] 


[FBIS Transcribed Text] 
Abstract 


Compact SDH (synchronous digital hierarchy) optical 
interface modules for STM-1 (synchronous transport 
module-1; 155.52 Mbit/s), STM-4 (622.08 Mbit/s) and 
STM-16 (2.48832 Gbit/s) transmission systems, based on 
ITU-T recommendations, have been developed using 
novel wideband monolithic integration and high-density 
packaging technologies for the transmitter and receiver 
circuits. In the monolithic integration, 24m and I-ym 
Si-bipolar processes were adopted to miniaturize the 
STM-1 and STM-4 modules. For the STM-16 module, 
which operates at high speed, 0.8-um GaAs MESFET 
device technology with its inherent wideband performance 
was applied. Also, high-density packaging technology 
minimizes receiver sensitivity degradation due to 
crosstalk noise. As a result, both the STM-1 modules for 
intra-office and inter-office system applications, in partic- 
ular, were incorporated into 10-cc and 20-cc volumes, 
which are, respectively, one-tenth and one-fifth the volume 
of existing version | modules for both applications imple- 
mented at Hitachi, Ltd. 





Introduction 


In public telecommunication networks, synchronous digital 
hierarchy (SDH) was standardized by the ITU-T, in 1988, 
toward the construction of Broadband Integrated Services 
Digital Network (B-ISDN)." Since then, much of the SDH 
optical transmission equipment operating at bit rates of 
51.84 Mbit/s to 2.48832 Gbit/s has been successfully intro- 
duced into intra-office and inter-office transmission systems 
based on ITU-T recommendations. 


As shown in Fig. 1, the standardized transmission bit rates 
are classified into three categories, that is, synchronous 
transport module-1 (STM-1: 155.52 Mbit/s), STM-4 (622.08 
Mbit/s) and STM-16 (2.48832 Gbit/s). Under such circum- 
stances, advantages of standardized optical interfaces will 
be found in packaging density, power dissipation, cost and 
reliability. Because of the growing installation of transmis- 
sion systems, more and more strict requirements are being 
set for optical interface modules with respect to size, reli- 
ability, power dissipation and cost. Furthermore, in long- 
haul transmission lines such as in inter-office networks, high 
receiver sensitivity is required for the modules. In addition, 
a clock recovery function is essential for constructing syn- 
chronous digital transmission systems. 


To meet these requirements, monolithic integration for 
drastically reducing the number of transmitter and 
receiver circuit components, and the development of high- 
density packaging technology for suppressing crosstalk 
noise between various signals are major subjects. This 
paper describes the design, fabrication and characteristics 
of the optical interface modules for the STM-1, STM-4 and 
STM-16 transmission systems developed by Hitachi, Ltd. 
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Figure 1. Synchronous Digital Hierarchy (SDH). Bit rates for SDH are defined as 156 Mbit/s x N. 
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SDH Optical Interface Specifications and Module Design 


Optical Interface Specifications 


Design targets are compact optical interface modules based 
on ITU-T recommendations with respect to intra-office, 
short-haul and long-haul inter-office transmission systems 
operating at bit rates from 155.52 Mbit/s to 2.48832 Gbit/s, 
respectively, as listed in Table |. The recommendations 
determine in detail SDH optical interface specifications for 
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optical source, transmission wavelength, media and charac- 
teristics at each bit rate and non-repeater span. In the 
non-repeater span of less than 40 km, Fabry-Perot laser 
diodes (FP-L.Ds) with a wavelength of 1.3 um are adopted as 
optical sources. Also 1.3-m zero-dispersion shifted fiber is 
used as the transmission medium. For transmission systems 
with over 40-km spans, distributed feedback laser diodes 
(DFB-LDs) and 1.55-m zero-dispersion shifted fiber are 
used to minimize dispersion penalty for the receiver sensi- 
tivity due to LD wavelength fluctuation and fiber chromatic 
dispersion. 





Table 1. SDH Optical Interf.ce Specifications. Transmitted and received optical power is defined for the given bit rates 
and non-repeater spans 






























































Applications Intra-office Inter-office 
Shor-haul Long-haul 
Wavelength (nm) 1310 1550 1310 1550 
Transmission line SMF SMF SMF SMF SMF | DSF 
SS ————— +-— — 

Span (km) =2 to 15 40 to 60 
Transmit/ STM-1I (156 TX -8 to -15 8 to -15 0 to -5 
received Mbit/s) = —— " 
power (dBm) RX -8 to -23 8 to -28 -10 to -34 
Pe= 10 STM-4 (622 TX 8 to -15 8 to -15 +2 to -3 

aie RX -8 to -23 -8 to -28 

~~ —_ 
STM-16 (2.5 TX -3 to -10 0 to -5 +1 to -4 0 to -5 
Gbit/s) -— — 
RX -3 10 -18 0 to -18 | -10 to -26 -9 to -26 - 10 to -26 




















SMF: Single mode fiber; DSF: Dispersion shifted fiber; TX, RX: Transmitter, receiver 





Module Design 


Minimizing the number of module types is important 
from the standpoint of cost effectiveness because of the 
expected increase in production volume. Therefore, the 
optical interfaces in these systems are covered by eight 
types of modules. An optical transceivei type module, ai 
which transmitter and receiver are integrated into a 
single package, significantly contributes to the incorpo- 
ration of a compact optical interface module. Therefore, 
this design concept is adopted for the STM-! module. A 
functional block diagram of the optical transmitter and 
receiver modules is shown in Fig. 2. These modules 
consist of an optical source, detector, transmitter, and 
receiver circuits with a clock recovery function, as well as 
shutdown and alarm output circuits for optical received 
and emitted signals. 


As optical devices, a combination of FP-LD and InGaAs 
photodiode (PD) is adopted for short-haul system appli- 
cations, taking into account module cost and perfor- 
mance. Also the combination of DFB-LDs and Ge/ 
InGaAs avalanche photodiodes (APDs) is chosen as the 
optical devices for long-haul transmission system appli- 
cations. To reduce the number of circuit components 
drastically, monolithic integration of transmitter and 
receiver circuits, that is, the LD driver, variable-gain 
amplifier and retiming circuit, is carried out using Si- 
bipolar and GaAs MESFET IC technologies, resulting in 


compact size, high reliability and low cost. Concerning 
clock recovery, a surface acoustic wave (SAW) filter is 
chosen for low-jitter clock-extraction and operation sta- 
bility. A compact SAW filter capable of surface- 
mounting on a printed circuit board was developed for 
the STM-! modules. 


Module Miniaturization Technologies 


Monolithic Integration Technology 


Difficulties in the monolithic integration of optical 
transmitter and receiver circuits relate to bit rates and 
device performance. Therefore, IC process choice and 
chip partitioning are important. The IC process and chip 
partitioning for STM-1, STM-4, and STM-16 modules 
are shown in Fig. 2 and Table 2, respectively. For STM-1 
and STM-4 modules, Si-bipolar processes with emitter 
widths of 2 ym and | pm, respectively, were adopted, 
which have a capability of integrating main signal- 
processing circuits and control/alarm circuits on the 
same chip. To realize high speed operation, a 0.8-4m 
GaAs metal semiconductor field effect transistor (MES- 
FET) process was also applied to the monolithic integra- 
tion of STM-16 modules. Moreover, a pre-amplifier in 
STM-1 module was designed using the approach for 
hybrid integrated circuits with a low-noise microwave 
GaAs FET in order to achieve high receiver sensitivity. 
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Figure 2. Basic Configuration of the Optical Interface Module and IC Chip Partitioning Plan. Main transmitter 
and receiver circuits for the STM-1/STM-4 modules and STM-16 modules are monolithically integrated using the 
Si-bipolar IC process and GaAs MESFET IC process, respectively. 








Table 2. IC Classification for Optical Interface Modules 





Bit rate (bit/s) 


ICs 





IC process 
(Ug/Lgreset) [Fp 
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GaAs- 
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Le: Emitter width; Lg: Gate width 





Based on such considerations, the transmitter and receiver 
circuits of the STM-1 and STM-4 modules were partitioned 
into three and four chips, respectively. Chip partitioning of 
the STM-1!6 module was determined taking into account the 
integration feasibility of main signal processing and control/ 
alarm circuits on the same chip using the GaAs MESFET 
process. As this process produces large device parameter 
dispersion compared with Si-bipolar process, the integra- 
tion of main signal-processing and control/alarm circuits on 
the same chip is very difficult and power dissipation is large. 
Accordingly, automatic power control (APC) and automatic 
gain control (AGC) circuits were implemented with ICs. As 
a result, the STM-16 module consists of seven chips. 


High-Density Packaging Technology 


In this section, technology for high-density packaging of 
STM-1 modules is described, because the miniaturiza- 
tion is most advanced in the STM-1 modules, among all 
the SDH modules developed at Hitachi, Ltd. 


Although a transceiver type module has the advantage of 
increasing the packaging density of the transmission equip- 
ment, this type of module is likely to introduce problems 
such as sensitivity degradation and receiver operation insta- 
bility. The problems are caused by crosstalk noise with 
various interference levels, because a large transmitter 
signal can leak to a receiver operating at a small signal level. 
Requirements of more compact modules will increase this 
problem, and the minimum package size may be limited in 
order to suppress the receiver sensitivity degradation due to 
crosstalk noise. Design of a transceiver module that mini- 
mizes crosstalk noise is the key issue. 


The correlation between the causes of crosstalk noise, 
and approaches to solving these problems are summa- 
rized in Fig. 3. Crosstalk is mainly caused by crossed or 
proximally parallel paths of signal lines, and high imped- 
ance power supply and ground lines. Also free-space 
radiation has to be considered as another cause of 
crosstalk. Separation of the wiring according to the signal 
level, reduction of the line impedance, minimization of 
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Figure 3. Crosstalk Classification and Approach to Reduction of Power Penalty Due to Crosstalk Noise in 
Miniaturization of STM-1 Optical Interface Modules. 





wiring length and sufficient shielding are key steps to 
solving these problems. As a part of the solution, a 
six-layer alumina ceramic substrate with inner via-holes 
was selected for the module’s printed circuit board. 
Ground and power supply lines were divided into dif- 
ferent layers to separate lines of different signal power 
levels. One layer was assigned to the transmitter I/O 
interface signal lines and two layers were assigned to the 
ground line. The former was sandwiched between the 
ground layers to shield from leakage of the LD driver 
current pulse and digital input signals. The transmitter 
and receiver circuits were mounted on opposite sides of 
the substrate with the ground layers located between 
them. The receiver front-end, which has high input 
impedance, was electromagnetically shielded in order to 
avoid the degradation of receiver sensitivity induced by 


leakage of the LD driver current pulse. Observed degra- 
dation of receiver sensitivity caused by crosstalk noise 
was confirmed to be less than 0.5 dB. 


Two types of complete module packages, shown in Fig. 4, 
were fabricated by developing the technologies mentioned 
above, one for intra-office system application and the other 
for inter-office system application. The module package 
sizes are L: 50mm x W: 25mm x H: 8mm (volume: 10 cc) for 
the intra-office system application and L: 8imm x W: 
31mm x H: 8mm (volume: 20 cc) for the inter-office system 
application. Table 3 shows a history of the development of 
optical interface modules for inter-office system application 
at Hitachi, Ltd. The V3 module can be reduced into 
one-tenth the size and one-half the power dissipation of the 
existing V1 module. Similar results (one-fifteenth the size 
and one-half the power dissipation) were achieved for the 
V3 module for intra-office system application. 





Table 3. Deployment of STM-1 Optical Interface Modules for Intra-Office System Applications 



































Version (year) V1 (1989) V2 (1991) V3 (1992) 
Structure TX/RX separate type TX/RX transceiver type Transceiver type same size for 52M, 156M 
TX/RX separate substrate | TX/RS separate substrate Single substrate both side mounting 
Volume 110 cc 40 cc 10 cc 
TX/RX IC Amount 4 3 3 
PKG 40 pin LCC 40 pin QFP 20 pin LCC 
20 pin LCC 20 pin LCC 
Density (each IC) (Relative ratio) 1 1.24 1.72 
Number of components (relative ratio) 1 0.65 0.41 
SAW filter 0.6 cc 0.5 cc 0.2 cc 
Power dissipation 2.6 W 2.0 W 1.3 W 














TX: Transmitter, RX: Receiver; LCC: Leadiess chip carrier; QFP: Quadrature flat package; PKG: Package 
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Figure 4. Optical Output Characteristics of the TRM 7934 STM-16 Transmitter module. (a) Optical output 
eye pattern, (b) LD spectrum for a 2”°-1 bit length pseudorandom nonreturn to zero transmission code. 





Module Characteristics and Applications 


Characteristics 
Table 4 shows the product line-up and characteristics of STM-i, STM-4 and STM-16 modules developed at Hitachi, Ltd. 





Table 4. Major Characteristics of SDH Optical Interface Modules Developed at Hitachi, Ltd. The STM-1 modules are 
implemented as compact transceiver-type modules with volumes of 10 cc and 20 cc for intra-office and inter-office system 


























applications, respectively. 
Item Unit STM-1 STM-4 STM-16 
Transmission speed Mbit/s 155.52 622.08 2488.32 
Transmission length km 04 | 40 2 | 1s | 40 80 40 80 
Wavelength nm 1310 1310 1550 1310 1550 
Structure ~ Transceiver type TX, RX; separate type TX, RS: separate type 
Volume (TX/RX) oc i =6| =O 18/24 | 18/110 | 49/110 133/222 
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Table 4. Major Characteristics of SDH Optical Interface Modules Developed at Hitachi, Ltd. The STM-1 modules are 
implemented as compact transceiver-type modules with volumes of 10 cc and 20 cc for intra-office and inter-office system 









































applications, respectively. (Continued) 
Item Unit STM-1 STM-4 STM-16 
Transmitter Optical dBm -10 to 4 to-l -12 to -10 -1.0 to +1.0 0 to -3 +1 to -2 
module output -13 
Optical _ FP-LD FP-LD DFB-LD DFB-LD | DFB-LD MQW 
source DFB-LD 
Model — SDC SDC TRM TRM KM. TRM TRM KM 
5466 $467 $714 5715 5712/ 7732 5934 7934 
$732 
Receiver Maximum dBm 4.5 6.5 49 46.3 -12.4 -12.4 82 8.0 
module received 
power 
Minimum dBm -32.5 -40.5 -28.1 -37.6 -39.0 -39.0 -32.0 -31.0 
received 
power 
Optical _ InGaAs- Ge-APD InGaAs- InGaAs- InGaAs-APD InGaAs-APD 
detector PD PD APD 
Model — TRV TRV RCV RCV RCV $732 RCV 5931 
5466 5467 $703 $702 
Power consumption * 1.3 1.5 1.2/1.1 1.2/2.7 3.42.7 3.4.6 
(TX/RX) 


























FP-LD: Fabry-Perot laser diode, DFB-LD: Distributed feedback laser diode, MQW: Multi quantum well; APD: Avalanche photodiode, PD: Photodiode 





(1) Structure and volume: Module structures are deter- 
mined from the viewpoint of bit rate, power dissipa- 
tion, crosstalk noise between transmitter and 
receiver and so forth. For bit rates of over 622.08 
Mbit/s, power dissipation increases because high- 
speed and broadband ICs are required. Also, it is 
difficult to integrate the transmitter and receiver in a 
single package because crosstalk noise between the 
transmitter and receiver increases in proportion to 
bit rate. Therefore, STM-4 and STM-16 modules 
comprise separate transmitter and receiver packages. 
On the other hand, at bit rates of less than 155.52 
Mbit/s, STM-1 modules were incorporated in trans- 
ceiver forms, because the power dissipation and 
crosstalk noise can be reduced, as described in the 
previous section. Volume ratios of the STM-1, STM- 
4, and STM-16 modules for a non-repeater span of 
over 40 km are 1, 8, and 18, respectively. 


(2) 


Characteristics: Fig. 4 shows an optical output eye- 
pattern and optical spectrum performance of trans- 
mitter modules for STM-16. The eye pattern was 
observed through a 4th-order Bessel filter and 
matches the eye-mask defined in the ITU-T stan- 
dard. Optical spectrum width is 0.6 nm (27-dB down 
from peak power). Fig. 5 shows bit error rate curves. 
Power penalty in the STM-16 modules was 0.2 dB 
for a 1.3-+1m wavelength and 40-km non-repeater 
span, and !.4 dB for a 1.5-m wavelength and 70-km 
non-repeater span, respectively. Power penalties in 
the STM-1 and STM-4 modules were negligibly 
small in the non-repeater span of 40 km. In all of the 
modules, the deviations of optical output power 
owing to the temperatur: variation from 0 to 65°C 
were less than 0.3 dB. Optical output power of the 
developed modules is shown in Table 4. The values 
meet the CCITT standard shown in Table 1. 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 

















JPRS-JST-94-042 

















10 November 1994 
10 _ 
Wavelength : 1.31 ym 
PN2”-1 bit length 
O 622 Mbit/s NRZ 
\ =) 
+ RCV5732 
10-5 + fe) 
g © (Back-to-back) 
4 (40 km) 
6 
10+ F \ 
" TRM5934 
2 a 
E io L a \ (Revses1) 
E n 
a 10-* }- 4 
6 O _sOPN: Pseudorandom 
10” F \ NRZ: Nonreturn to zero 
10-10 
156 Mbius \ 
10-"§ + (TRV 5467) | fe) 
10-!2 Fe Vee ee ate st a 
-45 40 -35 -w -25 
Average received power (dBm) 








Figure 5. Bit Error Rate Characteristics of SDH Optical Interface Modules. Power penalties are less than 0.2 dB in 
40-km transmission experiment. 





Applications 


Applications of the implemented optical interface mod- 
ules are summarized in Fig. 6. The figure shows the first 
such SDH transmission systems in the world. These 
intra-office and inter-office systems can flexibly and 
effectively use and manage various high-quality commu- 
nication networks corresponding to the deployment of 
multi-media information exchange. In Fig. 1, termi- 
nating and converting modules which multiply existing 


low bit rate signals to signals with bit rates of 51.84 
Mbit/s and/or 155.52 Mbit/s, cross connect modules 
which insert multiplied signals into each circuit, and 
fiber transport modules which multiply 51.84 Mbit/s to 
622.08 Mbit/s or 2.48832 Gbit/s are installed in each 
transmission node. The implemented modules are 
applied to the optical interfaces of systems based on the 
requirements of users and can span intra-office systems 
to trun” line systems. 
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Figure 6. Basic SDH System Architecture and Optical Interface Module Applications. Optical interface modules are 
applicable to STM-1 (155.52 Mbit/s), STM-4 (622.08 Mbit/s), and STM-16 (2.48832 Gbit/s) systems. 





Conclusion 


Compact optical interface modules for STM-1, STM-4 
and STM-16 transmission systems have been developed. 
In particular, the volumes of implemented STM-1 mod- 
ules achieved 10 cc for intra-office system applications 
and 20 cc for inter-office system applications, respec- 
tively, which are the smallest of any modules developed 
at Hitachi, Ltd. They are less than one-tenth and one- 
fifth the volume of existing version 1 modules for both 
applications, respectively. The successful development 
of the optical interface modules was achieved using the 
following technologies: 


(1) 2-um/1-um Si-bipolar and 0.8-4m GaAs MESFET 
IC technologies for monolithic integration of the 
STM-1/STM-4 and STM-16 modules, respectively. 


(2) High density packaging and printed board patterning 
technologies for minimizing crosstalk noise utilizing 
a multilayer aiumina ceramic or glass epoxy sub- 
strate shield mount configuration. 
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[FBIS Transcribed Text] 


Ahstract 


Optical interconnection, which uses multi-channel optical 
fiber transmission, is one of the promising candidates for 
solving the wire bottleneck problem and enhancing infor- 
mation throughput in large-capacity switching systems 
and high-speed computers. This paper describes the newly 
developed 200-Mbit/s 8-channel parallel optical intercon- 
nection es that are assembled with 8-channel low 
threshold laser diode (LD) arrays, photodiode (PD) arrays, 
and driver/receiver array ICs in small packages which are 
coupled with a single-mode fiber array. 


Introduction 


Recently there has been a tremendous effort to create 
high-speed, high-density interconnections for advanced 
high performance systems, such as large-capacity 
switching systems and high-speed computers. It has been 
predicted that electrical interconnections using conven- 
tional coaxial cables will limit the performance, size and 
total weight of systems. The optical subsystem intercon- 
nection based on synchronous parallel optical-fiber 
transmission is one of the most promising candidates for 
meeting the demand for enhanced information 
throughput of these systems because optical fiber has 
many advantages for use in interconnections such as 
wide bandwidth, low loss, low crosstalk, light weight, 
small cross-section and immunity from electromagnetic- 
interference (EMI).'“ 


Fig. 1 shows a schematic view of the subsystem and the 
system requirements for optical interconnection which 
allows high throughput and high density. 


From a system viewpoint, most of the experimental work 
has involved light emitting diode (LED) arrays and 
multi-mode (MMF) fiber arrays.” The moderate tem- 
perature dependence of LEDs and the less stringent 
optical alignment required by MMFs have made those 
arrays preferable for component design. 


In our work, the LD arrays and single-mode fiber (SMF) 
arrays system were selected because the skew, or differ- 
ence in the transmission delay time, in the fiber arrays, 
cannot be ignored. In addition, the system has an error- 
free unformatted data transmission capability. 


In this paper, the newly developed compact 200-Mbit/s 
8-vhannel parallel optical interconnection module using 
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System requirements 
1, Small skew synchronous parallel wansmission 
2. Error free unformatted (uncoded) data transfer 
3. Small size and low power cunsumptiun 





4, Low cost 
5. High reliability 


Figure 1. Schematic View of the Subsystem and System 
Requirements 








LD arrays and SMF arrays is described. The module 
performance demonstrates the suitability of the optical 
interconnections. 


Design 


Fig. 2 shows a photograph of the parallel interconnection 
modules developed in this work. The package size of 
both transmitter and receiver is 9mm W x 14mm L x 
6mm H (0.8 cc). Each package has a pig-tailed fiber arra 
with an 8-channel optical connector and 11 electrical 
pins; eight for ECL data input or output, two for ground 
connection and one for -5.2V power supply. 
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Table | shows the target specifications of the modules. 
Transmission length over 100 m is expected by using the 
single-mode fiber array. 
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Table 1. Target Specifications of the Module 



































Term Symbol Value Unit 
Length L > 100 m 
Data rate B >200 Mbit/s/ch 
Integration n 8 ch 
Skew At <2.0 ns 

Bit error rate Po <1.0E-20 — 
Power consumption P <200 mW/ch 
Throughput density s >100 Mbyte/cm 





“(Data rate) x (Integration)/(Package area) 
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Skew suppression and error-free unformatted data trans- 
mission are important criteria, as well as small dimen- 
sion and low power consumption. In order to meet these 
requirements we used an LD light source, SMF arrays 
and emitter-coupled logic (ECL) interface ICs. 


An SMF array is necessary for meeting the requirement of 
minimizing skew. A skew of less than 2 ps/m is obtainable 
with an SMF array, while in an MMF array, it is 12 ps/m. 
The target skew of 2 ns for a 100-m transmission is 
difficult to satisfy with an MMF array because of the 
additional (for example, the module itself) skew. 


Also, LD has advantages for high coupling efficiency to 
the SMF and high-speed modulation compared with 
LED. So, it will be suitable for SMF array transmission, 
low consumption operation and simple receiver circuit 
design. As for the skew suppression of the module itself, 
we introduce a very low threshold current LD in order to 
reduce the turn-on delay, which is the main cause of 
transmitter skew. 


And, for error-free unformatted data transmission, we 
adopted a fully DC-coupled receiver circuit with a fixed 
decision level relative to the optical extinction level. 


Devices 


LD/PD Array 


We recently developed a monolithically integrated 8- 
channel LD linear array, arranged at 250-um intervals, 
that is the same as the fiber array. We used an InGaAs/ 
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InP buried hetero (BH) structure LD at a wavelength of 
1.3 um, because its high reliability has been confirmed in 
telecommunication applications. To obtain a low 
threshold current, each LD has an optimized multiple 
quantum well (MQW) active layer, a 200-um short 
cavity and 70/90 percent asymmetric reflectivity coated 
facets. The threshold currents obtained were 3.0 +/- 0.2 
mA and the deviation of the slope efficiency was 0.36 +/- 
0.01 W/A at room temperature.° 


We fabricated the monolithically integrated back inci- 
dent InGaAs/InP pin PD arrays with a 50-4m diameter 
detection area. To reduce the parasitic capacitance, the 
PD array was soldered using the flip-chip bonding tech- 
nique On a quartz submount. The total capacitance with 
submount and the responsivity obtained were 0.25 pF/ch 
and 0.96A/W/ch, respectively. 


Transmitter and Receiver ICs 


Circuit diagrams of transmitter and receiver array ICs 
are shown in Fig. 3. Both ICs have identical 8-channel 
circuits and were fabricated using a high speed Si-bipolar 
process. All electrical interfaces are the conventional 
ECL level. Each transmitter circuit consists of an input 
buffer and a current switching LD driver. Owing to low 
threshold current LD arrays, the driver circuit was 
simplified by eliminating the automatic power control 
(APC) circuit. 


Each receiver circuit consists of a transimpedance pre- 
amplifier, a post-amplifier, a comparator and an ECL 
buffer. They are fully DC coupled and have a fixed 
decision level. 


Both ICs require a single -5.2V supply and have a power 
consumption of | W. 


Module Fabrication 


Each transmitter (or receiver) IC is bonded to a thin 
ceramic substrate, and the substrate and the LD (or PD) 
are soldered onto a metal package and connected using 
Au wires. 


The optical coupling method between the fiber array and 
the LD (or PD) array is a micro lens array coupling 
technique. The single-mode fibers of the array are sand- 
wiched and soldered between V-grooved silicon sub- 
strates. The fiber ends are slant polished in order to 
avoid the influence of the reflection.” 


The precise optical alignment is carried out by using a 
process-control computer which controls the three axes 
micropositioners by scanning the maximum point of the 
first and eighth channel output power. 


Finally, a metallic cap hermetically seals the module. 


Characteristics 


Module performances were tested using the fabricated 
transmitter and receiver optical interconnection mod- 
ules with a 100 m SMF array in between. 
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Figure 3. Circuit Diagrams of Transmitter and Receiver ICs 





The typical fiber output power of the transmitter is shown 
in Fig. 4. The deviation of the output power between 
8-channel which affects the receiver skew, which was 
measured to be less than | ns, is as small as | dB and the 
temperature tendency from 10 to 60°C is around 1.5 dB. 
Power dissipation was |.9 W as a transmitter receiver pair. 



































Or 
” 
i 
~ al 
& 
oO 
< 
a 
a 
§ -!0r ood-- Veexr 4.94 V 
& P| —O— Vee = -5.20 V 
be 
L --O-- Vee=-5.46V 
-15 a a ae a ee eee ee ee eee 
1 2 3 4 5 6 7 * 
Channel No. 








Figure 4. Fiber Output Power of the Transmitter 


The transfer curves of the receiver were measured and 
are shown in Fig. 5. High uniformity of the receiving 
level was obtained and the minimum optical 
receiving level for an ECL 10 K high level output was 
-14 dBm. 
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Figure 6. Output Waveforms of Transmitter and Receiver With/Without Cross Talk Caused by All Other Channels 





The output waveform of the transmitter and receiver 
operating at 200 Mbit/s/ch are shown in Fig. 6. Fig. 6 (a) 
and (c) are at single channel operation and Fig. 6 (b) and 
(d) are all-channel operation. No appreciable waveform 
degradation due to the crosstalk from other channels was 
observed except for the switching noises which are accept- 
able for digital signals. Throughput of 200 Mbyte/s (200 
Mbit/s/ch x 8 ch) was confirmed. Bit error rate better than 
10°?° was estimated by a newly proposed method. 


These results combined confirm the achievement of 
target specification in Table 1. 


Conclusion 


We have developed fully integrated 200 Mbit/s 8-channel 
subsystem interconnection modules using a !.341m wave- 
length and low threshold LD arrays, small capacitance PD 
arrays and array ICs in small packages coupled with a 
single-mode fiber array. The transmitter and receiver ICs are 
fully DC-coupled to enable unformatted data transmission. 


The subsystem optical interconnections developed are 
expected to enhance the information throughput in the 
field of advanced large-capacity switching systems and 
high-speed computers. 
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Abstract 


High-speed transmission is a key technology in the effort 
to realize the B-ISDN (broadband integrated services 
digital network), which integrates various information 
services, such as telephony, video, and computer data. 
Economical implementation of the 2.4-Gbit/s transmis- 
sion system demands the expansion of the repeater dis- 
tance to double the conventional 80 km to 160 km. In 
order to meet this requirement, we have integrated an 
electroabsorption (EA) modulator with a distributed feed- 
back laser diode (DFB-LD). They are monolithically 
integrated in an MQW (multiple-quantum well) structure 
by MOVPE (metal organic vapor phase epitaxy) and 
mounted in a compact package. This enables high speed 
and long distance transmission and features its compact 
size and low voltage operation over the so far realized 
external modulation by a combination of a separate 
modulator and a laser diode. 


Introduction 


Practical implementation of a high-speed fiber-optic trans- 
mission system as high as 2.4 Gbit/s is showing a rapid 
progress for the coming era of B-ISDN. For the economy of 
system implementation, transmission distance between 
regenerative repeaters is needed to expand to 160 km from 
80 km which has been realized within only a few years. The 
use of conventional |.3-m zero-dispersion fiber already 
widely installed is requested with the sacrifice of the large 
dispersion at the operational wavelength of 1.5 um selected 
for the minimum fiber loss. 


Dispersion limits the maximum available transmission dis- 
tance and a light source of narrow modulation spectrum is 
the prerequisite. Distributed feedback laser diode (DFB- 
LD) has been known to have a narrow spectrum under DC 
bias operation. However, it shows a spread of the spectrum 
under high speed operation, such as 2.4 Gbit/s, because of 
the chirp, or the wavelength shift by the modulation current. 

External modulation using an external modulator, based on 
semiconductor materials and LiNbO,,’ have been a solution 
with the expense of increasing the complexity of the system 
configuration. 


In this paper, a more advanced solution is described 
where an EA modulator is monolithically integrated with 
a DFB-LD into a compact single device. The method of 
technological advancement is schematically described in 
Fig. 1. For the 2.488-Gbit/s transmission, the developed 
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EA modulator integrated DFB-LD is confirmed to have 
expanded the regenerative repeater distance to 160 km 
from the previous record of 120 km by the conventional 
directly-modulated LD. 
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Figure 1. Advancement of Modulation Scheme. Direct 
modulation of a laser diode is replaced by an external 
modulation. Monolithic integration improves the 
compactness and coupling between the devices. 





Device Structure and Design 


A schematic structure of an EA-modulator integrated 
DFB-LD (DFB-LD/EA) device is shown in Fig. 2. The 
device, based on a separate confined-heterostructure 
(SCH) multiple quantum well (MQW) structure and a 
semi-insulating planar buried hetero (SI-PBH) structure, 
was grown by low-pressure metal organic vapor phase 
epitaxy (MOVPE). The MQW structure has been known 
to give satisfactory results in long wavelength lasers. In 
addition, quite recently, it has also proved to be a good 
material for EA modulators, from the viewpoint of 
modulation efficiency, high-speed performance and 
chirping characteristics.’ An optical waveguide was 
inserted between the laser and modulator regions. The 
bandgap energies of each region were controlled by 
selective area MOVPE. 
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Figure 2. Structure of an EA-Modulator Integrated 
DFB-Laser 
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The wafer was processed into SI-PBH structure doped 
with Fe. A proton (H*) implant region was then made 
between the modulator and the laser section to repro- 
ducibly obtain sufficient electrical isolation. To reduce 
wavelength chirp caused by the optical feedback from 
the modulator front facet, we employed a window struc- 
ture combined with an anti-reflection coating with 
reflectivity less than 0.2 percent. The laser rear facet was 
coated with a highly-reflective film (90 percent) to 
enlarge the output efficiency of the lasing light. 


Fundamental properties 


Fig. 3 shows typical I-L curves (light output power vs. 
current) of a 650-um long device (laser 400 pm, modu- 
lator 200 pm, separation 50 pm). The threshold current 
and slope efficiency without modulation bias were 18.0 
mA and 0.10 W/A. An output power greater than 10 mW 
was easily obtained. These lasing properties, comparable 
even with those of discrete lasers, reflect the high quality 
of the selectively grown crystals, efficient waveguide 
coupling between the devices, and sufficient current 
blocking by the thick Fe-doped layer. Typical on/off 
ratios were 22 dB. 
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Figure 3. Typical I-L Curves 





The attenuation is less sensitive to the laser driving 
currents, i.e., dependence on optical intensity was suffi- 
ciently small. This will be important for the linearity in 
high-power operation of such photonic devices using EA 
effects. It is important to note that these excellent 
modulation properties enable bias-free and low voltage 
operations of the modulator. This means that the device 
requires only two electrical inputs, i.e., the laser driving 
current and the modulation signal, which is the same as 
for the simple direct modulation of laser diodes. Further- 
more, low voltage operation less than 2V will simplify 
the driver electronics. 
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Module Design 


The main characteristics and module configuration are 
shown in Table | and Fig. 4, respectively. A monolithic 
EA modulator integrated DFB-LD chip was mounted on 
a carrier with a 50-Q microstrip line and a 50-Q termi- 
nating thin film resistor. This module matched the 50-Q 
input impedance and contained a 30-dB isolator in an 
optical coupling system, a monitor photodiode and tem- 
perature controlling devices such as a thermoelectric 
cooler and a thermistor. All these elements were assem- 
bled by fluxless soldering and YAG (yttrium aluminum 
garnet) laser welding in the 14-pin butterfly 2.6-cm’ 
hermetically sealed package. 





Table 1. Characteristics of the DFB-LD Integrated EA 
Modulator Module. The extinction ratio accomplished 
more than 20 dB with less than 2 V,, driving voltage. 



































Chip temperature = 25°C 
Item Symbol Characteristics Unit 
Output power Pf S15" mW 
Extinction ratio ER =20 dB 
Driving voltage Vmp-p =2 7 
Peak wavelength Ap 1$50+/-20 nm 
Bandwidth (-3 dB) BW 24 GHz 
Rise/fall time tr/t¢ Typ. 90/ 100" ps 
TE cooler capacity AT =40 ia 
Tracking error APr =0.5 dB 
Optical isolation Lp =30 dB 
Input impedance Zin 50 +e) 














Conditions: ‘CW, IF = yh + 50 mA 


**2.488 Gbit/s, NRZ, PRBS: 279-1, Mark ratio 4s Vp-p = 1.8 V, IF = 
Ith + 50 mA 


DFB-LD/EA: Distributed feedback-laser diode integrated electroab- 
sorption modulator; If: Laser forward current; NRZ: Nonreturn to 
zero; TE: Thermoelectric; PRBS: Pseudorandom bit sequence; CW: 
Continuous wave 


A 3-dB bandwidth and return loss of this package were 
found to be more than 10 GHz and less than 15 dB from 
0 to 10 GHz, respectively. The confocal double lenses 
coupling system adopted for highly efficient coupling of 
the DFB-LD/EA chip to a single mode fiber has resulted 
in a typical coupling loss of 3 dB which includes the loss 
of an optical isolator. Therefore, an average output 
power of -1 dBm was obtained under the operating 
condition of DFB-LD at I,,, (threshold current) +50 mA. 


When the DFB-LD is operated at I, +50 mA in the 
ambient temperature of 65°C, it can be cooled down to 
25°C by a thermoelectric cooler with 1.2 A. The tracking 
error of the fiber output power is only 0.2 +/- 0.1 dB 
against an ambient temperature within -20°C to 65°C, 
when the DFB-LD/EA chip output power is kept con- 
stant by an APC (automatic power control) and the chip 
temperature is kept at 25°C by an ATC (automatic 
temperature control). 
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Figure 4. Block Diagram and Photograph of the EA Modulator 
Integrated DFB-LD Module. A DFB-LD/EA chip, a 
monitoring photodiode, a thermistor and a thermoelectric 

cooler are contained in a 14-pin butterfly 2.6-cm* hermetically 
sealed package with an optical isolator of 30-dB isolation. 
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Performance 


The small signal frequency response shown in Fig. 5 was 
measured with a PIN photodiode having a 3-dB band- 
width of 14 GHz. The bandwidth of the DFB-LD/EA 
module is obtained more than 6 GHz. 
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Figure 5. The Small Signal Frequency Response of the 
EA Modulator Integrated DFB-LD Module. The 3-dB 
bandwidth obtained 6.05 GHz. 








An eye pattern and modulated spectrum under the condition 
of 2.4 Gbit/s, NRZ (nonreturn to zero), pseudorandom 
sequence 27°-1 and bit error rate up to 160 km is shown in 
Fig. 6. The bit error rate characteristic of a conventional LD 
module under direct intensity modulation is compared in Fig. 
7. Because of the loss of the 160-km fiber being 36 dB, the 
measurement of the bit error rate characteristics used in the 
EDFA (erbium-doped fiber amplifier) is as shown in Fig. 8. 
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Figure 6. The Optical Waveform, the Optical Spectrum and 
the Bit Error Rate Characteristics of the EA Modulator 
Integrated DFB-LD. The received sensitivity obtained -31.5 
dBm at a bit error rate of 10°'° with dispersion loss is 0 dB 
from back to back to 160 km transmission with 2870 ps/nm 
dispersion. 





Transmission up to 120 km is possible in the case of the 
conventional LD module using direct intensity modula- 
tion. However, the error floor caused by waveform 
distortion due to fiber dispersion (2900 ps/nm) and LD’s 
chirp occurred at 160 km as shown in Fig. 7. It is possible 
to transmit even if the transmission distance is 160 km 
in the case of the DFB-LD/EA module as shown in Fig. 
6. Modulation voltage of only 1.8V is necessary to 
operate the EA modulator. The modulated spectral line 
width of the DFB-LD/EA module is 62 pm as one-sixth 
of the conventional LD, under direct modulation. The 
waveform distortion due to fiber dispersion and chirp is 
much lower than the conventional LD module. Accord- 
ingly, the DFB-LD/EA module confirmed the possibility 
of long haul transmission of at least 160 km, or twice that 
of the conventional standard transmission distance. 
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Laser temperature = 30°C 
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Test condition: ; 
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120 km: Dispersion = 2100 pam (at 1550 nm) 
m= 1.14 x Ii, i: =32mA 
160 km: Dispersion = 2870 ps/am (at 1550 nm) 
My = 1.23 x hh, imp-—p = 40 mA 
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Figure 7. The Bit Error Rate Characteristics of the Conventional LD Module With Direct Intensity Modulation. The error 
floor caused by waveform distortion due to fiber dispersion and LD’s chirp occurred at 160 km transmission. 
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Figure 8. Bit Error Rate Characteristics Testing Configuration and Level Diagram of the EA Modulator Integrated 

DFB-LD Module. The fiber output power of the transmitting module was amplified to +9.3 dBm by the first EDFA, 

and the transmission signal passed through 80-km fiber, was again amplified by the second EDFA with about 10-dB 
gain. The loss of 160 km fiber with 2870-ps/nm dispersion is about 36 dB. 
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Conclusion 


The EA modulator is monolithically integrated with 
DFB-LD. It can operate as a light source for long haul 
transmission because of its very narrow spectral line- 
width and its very low chirp. It is hounted in a compact 
14-pin butterfly package with 50-Q input impedance 
matched together with a monitor photodiode, tempera- 
ture controlling devices (a thermoelectric cooler and a 
thermistor) and a 30-dB optical isolator. This EA mod- 
ulator integrated DFB-LD module was confirmed to 
achieve stable operation at 2.4-Gbit/s 160-km transmis- 
sion with less than 2.0 V,, modulator voltage. This 
module will contribute to the economical implementa- 
tion of high-speed fiber-optic system for the B-ISDN. 
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[FBIS Transcribed Text] 
Abstract 


Expansion of subscriber fiber-optic systems depends on 
services to be provided and on reduction in cost. In order 
to expand these systems, we have developed a bidirec- 
tional module, which transmits and receives signals 
through a single optical fiber, to reduce the cost of the 
fiber-optic system. Wavelength division multiplexing 
(WDM) is adopted, in which two different wavelengths are 
used for transmission and reception. A technique to sup- 
press optical crosstalk (leakage of signals from the trans- 
mitter to the receiver) and the development of a wide 
operating temperature range laser diode are key issues for 


the development of the module. We hope that installation 
of optical fiber into subscriber systems will be promoted by 
the use of this module. 


Introduction 


Telecommunication services are moving from conven- 
tional analog based voice and data to the narrowband 
integrated digital services network (N-ISDN). The services 
will evolve to the broadband (B-)ISDN during the last 
decade of this century. Video service will be provided and 
optical fiber will transport information, video, voice, and 
data to each home by a system called fiber-to-the-home 
(FTTH). We have been investigating these systems since 
the early stages. The reduction of the cost of the systems is 
important in instituting FTTH, so bidirectional optical 
network systems to realize transmission and reception on a 
single fiber are expected. This paper describes a bidirec- 
tional module that has been developed for application to 
such subscriber systems. 


Subscriber Systems and Bidirectional Transmission 


Configuration of Fiber-Optic Systems 


Fig. 1 shows an outline of the subscriber fiber-optic 
systems. The ultimate form is FTTH, which brings 
optical fiber to each house, though the transition from 
metallic cable to optical fiber varies according to 
national and social demands at the time of installation. 
But, it is difficult to construct FTTH immediately, from 
the economical point of view. Construction of FTTC 
(fiber-to-the-curb), which installs optical fiber only to 
points near the house, will be promoted for the time 
being. In the future, the replacement by FTTH will be 
accelerated if varius attractive services and multi- 
media terminals arc supplied at low cost. 


Bidirectional Transmission Issues 


There are two typical methods used for allowing sub- 
scribers to transmit and receive information '”. one is 
WDM (wavelength division multiplex), and the other is 
DDM (direct division multiplex). In a WDM system, 
two different wavelengths are used for the transmitter 
and receiver, respectively. On the other hand, a single 
wavelength is used in the DDM system. The WDM 
system is more effective because of less optical crosstalk 
between the transmitted and received signals. Fig. 2 
shows a summary of the WDM system. 


Reducing cost is also one of the most important issues 
for extension of subscriber systems. For this reason, 
there is a need for a bidirectional module that transmits 
and receives signals over a single optical fiber, can 
differentiate wavelengths and comes in a small package. 


Moreover, the module must have a wide operating tem- 
perature range. Subscriber systems must simplify equip- 
ment, such as removing the thermal controllers, to reduce 
cost. The required operating temperature is -40 to +85°C. 
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Figure 1. Outline of Fiber-Optic Systems 
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Wide Operating Temperature Range Laser Diode 


A 1.3-um multiple quantum well (MQW) Fabry-Perot 
(FP) laser diode, satisfying the wide operating tempera- 
ture range requirement (-40 to +85°C), has been devel- 
oped using a metal organic chemical vapor deposition 
(MOCVD) inethod. Fig. 3 shows the schematic structure 
of the device. By using the MOCVD method for entire 
crystal growth instead of the formerly used liquid phase 
epitaxy (LPE), we found it to have the excellent feature 


of controllability for mass production. We introduced 
the MQW structure into the active layer in the laser. The 
MQW structure, the active region, is made by growing 
several thin film active layers a few nm thick, called the 
well layer and barrier layer, periodically. Making the 
active layer thinner, on atomic order, produces a 
quantum size effect for the electrons, and increases the 
radiation efficiency of the carriers. It also suppresses 
self-heating of the laser, so the laser operates stably at 
high temperatures up to +85°C. We called this laser a 
constricted blocking layer on p-substrate buried hetero- 
structure laser (CBPBH laser), because of the form of the 
n-InP blocking layer close to the active layer. It is 
important to reduce leakage current between the active 
layer and the n-InP blocking layer. This laser reduces 
leakage current by forming a p-InP buffer layer and 
n-InP blocking layer that are well controlled with the 
MOCVD technique, in contrast to conventional LPE 
methods. 


ag i Module With Low Cost and Low Optical 
T $8 optical crosstalk, an optimized structure for 
Oo}.  <alter positioning has to be found. We have 


developed a bidirectional module (HLM 1332) 
em ‘vying this, as shown in Fig. 4. 


This module transmits signals with 1.341m wavelength 
signals and receives with 1.55-um wavelength signals. A 
module which transmits |.55-m wavelength signals and 
receives 1.3 um wavelength signals is a counterpart of 
the HLM 1332. 


(1) Construction of the optical system 


Fig. 5 shows the configuration of the optical components 
for this module. This system makes it possible to both 
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Figure 3. 1.341m WTR-FP-LD (HL 1326) Schematic View 
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Figure 4. 
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transmit and receive simultaneously, because slanted 
filter 1, which transmits 1.3-.m light and reflects 1.55- 
um light, divides transmission light from reception light. 
Transmission light from the laser diode (LD) goes 
through filter 1 and is coupled via an optical fiber into ar 
optical fiber. On the other hand, reception light trans- 
mitted from the optical fiber is reflected by filter 1 and 
focused on the photodiode (PD). There is a problem of 


leakage light in this system. This leakage is caused since 


part of the transmitted light is reflected by filter 1 and by 
the end of the optical fiber and combines with the 
receiver light. The leakage light must be small to have 
reasonable optical crosstalk value for proper bidirec- 
tional transmission performance. (The ratio of PD sen- 
sitivity from the leakage light to the PD sensitivity from 
the reception light is defined as the optical crosstalk.) By 
optimizing the assembly of filter 1, the positioning, and 
the adoption of a low reflection light structure and filter 
2, a low crosstalk of -45 dB or less can be obtained. Also, 
by adopting a single lens for coupling in each optical 
system and conventional filters, this module can be 
supplied at a low price. 


(2) Main features 


Table | shows the optical and electrical characteristics of 
the HLM 1332. Fig. 6 shows examples of module char- 
acteristics. By adopting the wide operating temperature 
range laser diode HL 1326 with an MQW structure and 
yttrium aluminum garnet (YAG) laser welding, this 
module can operate over a wide temperature range, -40 
to +85°C. Also, adoption of structure based optical 
packaging techniques using a non-spherical lens makes 
possible a small package (about | cc), a high optical 
power, 1.6 mW or more, and a high receiver sensitivity, 
0.6 A/W or more. And, this module has a low relative 
intensity noise (RIN), as shown in Fig. 6. 
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Figure 5. Construction of the Optical System 
Table 1. HLM 1332 Optical and Electrical Characteristics (T. = 25°C) 
item Symbol Test Conditions Min Typ Mex | Unit 
Operating equipment Topr _ 40) 85 c 
Storage temperature T stg = 40 85 c 
LD opticai output power Pr Kink free 1.6 _— _ mW 
Pr If = lg, + 20 mA 0.8 > a mW 
LD threshold current lth — a 10 20 mA 
Lasing wavelength dp Pr= 1.6 mW 1280 1310 1360 am 
Spectral width AA Pr= 1.6 mW — 3 _ am 
Monitor PD current ls Pr = 1.6 mW, Vp(MPD) = 5 V 100 —_ —_ pA 
Receiver PD sensitivity s Apia © 1550 am, VeRPED = 5 0.6 — —_ AW 
Receiver PD dark current Ig(RPD) Vr(RPD) = 5 V _ 1 5 nA 
Receiver PD capacitance Ct Va(RPD) = 5 V, f= 1 MHz — i 1.5 pF 
Optical crosstalk LI Pin, = | pW (1550 nm), a _ 45 dB 
Pre = 1 mW (1310 am), 
Vp(RPD) = 5 V 
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Figure 6. Examples of Optical and Electrical Characteristics 





(3) Applications 


This module is suitable for FTTC WDM systems which 
transmit 1.3-4m optical signals and receive 1.55-ym 
optical signals. 


Conclusion 


We have developed a bidirectional module for WDM sub- 
scriber fiber-optic systems. The laser diode in this module 
can operate over a wide temperature range, -40 to +85°C, by 
adopting the MQW structure, which is produced using the 
MOCVD technique. By optimizing the assembly of the 
filters and the positioning, a low crosstalk of -45 dB or less 
can be obtained. We believe this module can contribute to 
effectively reducing the cost of fiber-optic systems. 
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[FBIS Transcribed Text] 
Abstract 


The GaAs IC set has been developed for use in 2.4-Gbit/s 
optical transmitter and receiver modules. The IC set 


consists of seven types of ICs. They are: the laser drivers 
for transmitter and preamplifier, the AGC (automatic 
gain controllable) amplifier, the main amplifier, the deci- 
sion circuit, the rectifier, and the limiting amplifier for the 
receiver module. The ICs are designed to have good 50- 
impedance matching interface and a flat response gain- 
frequency characteristic. 2.4-Gbit/s optical transmission 
experiments using the above IC set showed an excellent 
receiver sensitivity of -32 dBm after 40-km optical fiber 
transmission, meeting the international standard of -26 
dBm with a sufficient margin. 


Introduction 


Recently, 2.4-Gbit/s optical transmission systems have been 
progressively introduced for practical use. Such systems 
require high speed transmitter and receiver circuits, and 
therefore the development of monolithic ICs is indispens- 
able to achieve low power dissipation, compactness and 
high reliability. For ICs, high gain, wide band and low noise 
characteristics, as well as low power dissipation are 
required. To realize these requirements, we have developed 
an IC set specifically for use in 2.4-Gbit/s optical transmis- 
sion systems using a 0.8-um gate GaAs MESFET (metal 
semiconductor field effect transistor) device which has a 
high cut off frequency (f,) of 24 GHz and a high maximum 
operating frequency (f,,,.,) of 34 GHz." A typical block 
diagram of a 2.4-Gbit/s optical transmitter and receiver 
using the IC set is shown in Fig. 1. In this paper, the design 
and test results of the ICs are described. 


IC Design and Performance 


Seven types of GaAs ICs have been developed using a 
0.8-4m gate GaAs MESFET. Features of the ICs are sum- 
marized in Table 1. Most circuits consist of a multistage 
source coupled FET logic (SCFL) with differential drive in 
order to achieve the high gain and wide allowable threshold 
voltage (V,,,) range of the FETs. The ICs can be operated 
with a single -5.2V power supply except for the preamplifier. 
Power dissipation of the ICs is less than 1 W and each IC 
can be operated in natural air convection. As for packaging, 
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Transmitter Receiver 

AGC: Automatic gain controllable 
APD: Avalanche photodiode 
PD: Photodiode 
LD: Laser diode 
SAW: Surface acoustic wave 
APC: Automatic power control 
ATC: Automatic temperature control 
TEC: Thermoelectric cooler 

[}: GaAs IC 


Figure 1. Block Diagram of 2.4-Gbit/s Optical Transmitter and Receiver. The laser driver in the transmitter is 


housed in a 14-pin package. The preamplifier hip is mounted in an APD medule. The other ICs are housed in a 20- 
pin package with an internal input termination resistor and noise decoupling capacitors. 














the laser driver is housed in a 14-pin package, while the packaged in order to minimize the parasitic capacitance by 
other ICs are housed in 20-pin packages. The packages are § directly mounting in an APD (avalanche photodiode) 
shown in Fig. 2 [not reproduced]. The preamplifier IC isnot § module. 





Table 1. Main Characteristics of the GaAs ICs. Power dissipation is less than 1 W and each IC can be operated in natural 


























air convection. 

Function Part No. Main characteristics Supply voltage (V) | Power dissipation (W) | Package 

Laser driver HA 29001 Maximum signal current: 60 mA -$.2 0.4 14 pin 
Output ty/f 120 ps 

Preamplifier HC29202 Transimpedance: 800 Q 5.0 0.3 _ 
Equivalent input noise current: 7 pA/Hz 5.2 
squared 

AGC amplifier HA29203 Maximum gain: 23 dB -5.2 0.8 20 pin 
Dynamic range: 40 dB 

Main amplifier HA29204 Gain: 20 dB -5.2 0.8 20 pin 
Number of output pins: 4 

Decision circuit HA29201 Decision sensitivity: 50 mV -5.2 0.8 20 pin 
Phase margin: 250° 

Rectifier HA29205 Transform efficiency: 40% -$.2 0.6 20 pin 

Limiting amplifier HA29206 Minimum input amplitude: 30 mMVp_p -$.2 0.8 20 pin 
Output signal amplitude: 600 mMVp.p 
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The laser driver has to drive a high current of 60 mA 
with rise and fall time of less than 120 ps. In order to 
achieve a clear output waveform, ringings on output 
signals which are caused by parasitic inductances should 
be suppressed. The 14-pin package is designed to have a 
short bonding wire of less than Imm and to have 
multiple bonding wires on power supply connections. 
Fig. 3 shows the output eye diagrams of the laser driver 
with a signal current of 40 mA. Rise and fall time in the 
10-90 percent range is 100 ps, and ringings are well 
suppressed. 


For the implementation of high speed and high sensi- 
tivity receiver ICs, cascadability and flatness of fre- 
quency response should be considered. Fig. 4 shows an 
input signal termination circuit diagram.’ High fre- 
quency signals (>30 MHz) are terminated with a 100 pF 
capacitor in the 20-pin package, while low frequency 
signals (<30 MHz) are terminated by a large capacitor 
outside of the package. Resistors for 50-Q termination 
are divided into three resistors (47 2 and two 6 QQ) to 
avoid resonance caused by the termination capacitors 
and parasitic inductances of package pins and bonding 
wires. For the output circuit, a resistor is inserted 
between the output source follower and the output pin to 
match 50 Q impedance. On the IC layout design, wire 
cross on signal lines is avoided as far as possible and 
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Vertical scale: S00) mv/div. 
Horizomal scale: 100 pvdiv. Electrical output through resistive load of 
25 2 with driving current of 40 ms. 


Figure 3. Output Eye Diagrams of the Laser Driver. 
Output rise and fall time is 100 ps (10-90 percent) and 
ringings are well suppressed. 











noise decoupling capacitors are implemented on the IC 
chip with a MIM (metal-insulator-metal) structure as 
well as capacitor chips in the package. 












































20-pin package 
Input signal . —05 — IC chip 

3 BW 

BW 
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RC chip | 
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DC bias 

100 pF>= = 100 pF 














/ BW 





BW: Bonding wire 
RC: Input termination resistor and noise 
decoupling capacitor 
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Figure 4. Circuit Diagram of the Input Termination Circuit. The 20-pin package has an internal RC chip in order to 
achieve a good 50-22 impedance matching characteristic in the wide frequency range. 
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Figure 5. Inner View of the 20-Pin Package. The IC chip, RC chips, and the package are connected to each other 
with bonding wires. 





Fig. 5 shows an internal view of the 20-pin package.‘ A 
GaAs IC chip, termination resistor and a noise decou- 
pling capacitor chip (RC chip) are tightly housed in the 
package. 


Fig. 6 shows the gain-frequency characteristics of the 
main amplifier and Fig. 7 shows the VSWR (voltage 
standing wave ratio) characteristics of the IC. Gain 
fluctuation is less than | dB with a high gain of 21 dB up 
to 2.4 GHz and VSWR is as low as 1.5 in the frequency 
range of near DC to 2.4 GHz. The results show flat 
frequency response as well as good impedance matching 
both on input and output ports. 
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Figure 6. Gain-Frequency Characteristics of the Main 
Amplifier. Gain fluctuation is less than 1 dB with a 
high gain of 21 dB up to 2.4 GHz. 
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VSWR: Voltage standing wave ratio 
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Figure 7. Input and Output VSWR Characteristics of 
the Main Amplifier. VSWR is as low as 1.5 with a 
frequency range of from near DC to 2.4 GHz both on 


input and output ports. 
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Optical Module Experiment 


In order to examine the usefulness of the IC set, an optical 
transmission experiment was carried out. A 1.3-4m wave- 
length DFB (distributed feed back) laser diode was used as 
an optical source and an APD was adopted as an optical 
detector. An error rate characteristic of 2.4 Gbit/s is shown 
in Fig. 8. Receiver sensitivity of -32 dBm at a bit error rate 
of 10°'° was obtained after 40-km optical fiber transmis- 
sion. The results meet the ITU-T (formerly CCITT), 
standard of -26 dBm with a sufficient margin. 


Conclusion 


Using the 0.841m gate GaAs MESFET, seven types of 
GaAs ICs were developed specifically for use in 2.4-Gbit/s 
optical transmission systems. Development of a new 
package with an internal input signal termination circuit 
enables the IC a flat response gain-frequency characteristic 
as well as good impedance matching interface. Optical 
transmission experiments showed the IC set is feasible for 
2.4-Gbit/s optical transmission systems. 
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Figure 8. Optical Transmission Experiment Error Rate 
Characteristics. The experiment was carried out using 
the IC set. The receiver sensitivity is as high as 
-32 dBm at BER of 10°*°. 
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